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Abstract 
Studies were made to investigate the effects of fall grazing 
or fall burning on the physical and chemical properties of 
Agropyron spicatum and on its selection by deer and cattle 
in spring. The treatment effects were studied in both the 
Artemisia tridentata and Pseudotsuga menziesii communities 
in the south-central interior of British Columbia. 

The treatments had little effect on the relationship of 
plant volume to weight in the first growing season. Although 
tiller density was greater in burned plants, tiller weight 
was less. Furthermore, a greater proportion of weight was 
distributed near the base of burned plants. In the second 
year the coefficients describing the relationships of volume 
to weight indicated greater weight in burned plants. This 
appeared to be related to greater tiller density. 

The growth rates of control and fali clipped plants 
responded similarly to air temperature measured 1.5 m above 
the ground surface. Plants that were burned in fall grew 
more rapidly at low air temperature but less rapidly at high 
air temperature. 

Bluebunch wheatgrass tillers were initiated in both 
communities at about the same time. In the Pseudotsuga 
menziesii community, tiller elongation ceased for a period 
when the apices appeared above ground surface. This effect 
appeared related to cooler air temperatures under trees. 

Dry matter concentration of minerais (N, P, Ca and Mg) 


increased and fibrous constituents (ADF, NDF and lignin) 
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decreased from the bottom of the plant to the top. This 
relationship existed for plants of all treatments and, with 
a few exceptions, in both the first and second year after 
treatment. The vertical change in the second year was 
considerably reduced from the first year. The chemical 
gradient was least for plants of the burned treatment and 
greatest for untreated plants. 

Deer and cattle preferred the burned treatment to the 
clipped treatment and both were preferred to the control. 
Deer preferred forage from the burned treatment, to that 
from the clipped and control treatments, at all levels of 
utilization. Deer avoided switching to the control by 
closely utilizing the treated plants. On the other hand, 
cattle switched to grazing forage from the control when 
clipped and burned plants were heavily utilized. These 
preference rakings were generally maintained into the second 
year. As utilization increased, the weight per bite of 
forage from the burned and clipped treatments decreased 
relative to the control. The decrease in bite weight was 
most dramatic with cattle. 

Dead stubble of Agropyron spicatum acted as a barrier 
to grazing deer and cattle. Burning removed stubble 
uniformly among plants while grazing left a variable stubble 
height. Consequently, utilization in spring was more uniform 
on burned areas than on grazed areas. Deer were more 
affected by stubble than were cattle although deer were able 


to select closer to the height of short stubble and further 
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below the height of long stubble. 

Confined deer and cattle selected forage from among 
treatments ina similar manner to free-ranging animals. Fail 
grazing influenced the distribution of deer only after 


spring growth exceeded the height of stubble. 
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41. INTRODUCTION 
Litter (dead plant material) affects the flow of energy 
through the ecosystem by storing nutrients, affecting the 
growing environment of plants and affecting forage 
selection. Minerals and energy are released from litter upon 
decomposition. Litter alters the micro-environment in plants 
by reducing solar radiation and wind speed (Geiger 1966; 
Knight 1969). Plant growth has been related to litter 
removal (Tomanek 1969). Litter is unpalatable and avoided by 
large herbivores. 

Available evidence indicates that both forage 
production and utilization may be increased by removing 
accumulated litter (Duvall and Whitaker 1964; Barker and 
Erickson 1974; Rickard et al. 1975; Uresk et al. 1976). 
Litter may be removed in several ways but more commonly by 
grazing or burning. 

Grazing bluebunch wheatgrass during the growing season 
generally reduces its' vigor. Sauer (1978) reported a first 
year decline in production when standing litter was removed 
during the dormant season. However, increased production may 
be predicted for over more than one year since higher 
temperatures increase microbial activity, which may enrich 
the soil with nutrients, and increase tillering. Burning may 
increase bluebunch wheatgrass productivity (Uresk et al. 
1976) but the effect is influenced by conditions present at 
the time of fire (Daubenmire 1968). Both burning and grazing 


encourages greater utilization of regrowth by deer and 
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Cattle (Leckenby 1968; Fierro 1977). 

Fire 1s gaining renewed acceptance as a tool in range 
Management (Duvall and Whitaker 1964; Wright 1974). Perhaps 
the most noticeable similarity between fall grazing and 
burning is in litter removal. They contrast in their 
approach and effect. Fire is most effective in treating 
areas where litter has accumulated for many years. These 
areas are avoided by cattle. Burning grasslands enriches the 
soil with minerals (Daubenmire 1968) but grazing removes or 
redistributes them. On the other hand, burning releases the 
energy in forages while harvesting by herbivores converts 
this to usable products. Burning alters the plant 
Microclimate by removing the canopy and depositing ash. The 
effect of ash is to increase soil temperature beyond the 
effect of canopy removal (Geiger 1966). Grazing modifies the 
microclimate by canopy removal and by undetermined effects 
on the soil. 

Forage selection may be considered the result of four 
factors: forage availability, consumer selectivity, 
preference and physiological requirements (Eliis et al. 
1976) . Conditions which lead to selective grazing contribute 
to reduced efficiency of forage utilization. Bailey (1970) 
found that the unpalatable shrub, (Elaeagnus commutata?), 
acted as a barrier to grazing of understory grasses. In 


spring, the unpalatable standing dead forage of bluebunch 


1Nomenclature follows Hitchcock and Cronquist, 1973. 
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herbivore, restricting access to new growth. A more 
homogeneous distribution of range use should be obtained 
when palatability differences are removed. 

Vegetation provides a medium through which herbivores 
interact. The interaction is often spaced in time and not 
obvious. An exanple is the influence of wildebeest 
(Connochaetes taurinus albojubatus) on the grazing behavior 
of Thomson's gazelle (Gazelia thomsonii) on the Serengeti 
Plains (McNaughton 1976). Both species migrate through the 
plains but at different times. The wildebeest come first 
and, by grazing the senescent vegetation, convert the 
grassland into a productive community with young forage. 
This forage is sought after by the antelope which follow in 
about 1 month. 

The dry grassland ranges of British Columbia represent 
an ecosystem comparable to the Serengeti Plains. The 
herbaceous vegetation is dominated by bluebunch wheatgrass 
which follows a cyclical pattern of growth represented by 
late winter initiation and early summer senescence. The 
mature tillers of bluebunch wheatgrass are erect and persist 


into the next year. The range is occupied by cattle in fall 


removes standing litter of bluebunch wheatgrass and permits 
the young foliage to be exposed early in spring. Personal 
observations indicate that only exposed forage is selected 


by tame and free-ranging deer. There is no direct evidence 
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that cattle exercise the same degree of selection as deer 
do. 

The decision to remove litter with either fall grazing 
or fall burning will be based largely on available 
resources, range conditions and objectives. The first two 
determine fire effectiveness. The objectives may be to 
provide forage for one or more classes of herbivores, remove 
debris or to enhance the competitive ability of a particular 
species. Whatever the objectives, effects of grazing or 
burning on forage production and accessibility to the 
herbivore must be understood. The effects of grazing or 
burning on bluebunch wheatgrass production have been studied 
individually (Rickard et al. 1975; Uresk et al. 1976). 
Comparative studies on the effects of burning or clipping 
have been made for grasses of the tall grass prairie 
(Ehrenreich 1959) but not for bluebunch wheatgrass. 

Several studies were made to study the functional 
interaction between deer and cattle on bluebunch wheatarass 
range and to examine the role of fire in the ecosystem. The 
hypothesis tested was that cattle and deer prefer green 
grass to standing litter and that litter reduces the 
production, nutritive value and consumption of green grass. 
Furthermore, these effects are reduced with increased 
defoliation. 


The objectives of the studies were: 


1. To determine the effects of fall grazing or burning on 
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the plant and it's environment in both the big 

sagebrush and Douglas fir communities, 

a. to determine the effects of fall grazing or 
burning on the morphological characteristics of 
bluebunch wheatgrass in spring, 

be to determine the effects of fall grazing or 
burning on the nutritive characteristics of 
bluebunch wheatgrass, 

Ce to determine the growth of bluebunch wheatgrass 
in relation to fall grazing or burning, to 
habitat and to time of burning, 

de to determine the effects of fall grazing or 
burning on soil temperature in spring. 

To determine the effects of fall grazing or burning on 

forage selection by cattle and deer in both the big 

sagebrush and Douglas fir communities, 

as to determine the effect of standing litter 
(stalk and leaf) on the preference and selection 
of bluebunch wheatgrass by cattle and deer in 
spring, 

De to determine the comparative effects of fall 
grazing or burning on the subsequent 
availability and palatability of green grass to 
cattle and deer, 

Ge to determine how the availability of green grass 
affects the spring-time distribution of cattle 


and deer. 
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The studies were made near Kamloops in south central 
British Columbia (latitude, 50° 49" N; longitude, 120° 35! 
W). The studies were made in both the big sagebrush 
{Artemisia tridentata) -bluebunch wheatgrass and Douglas fir 
(Pseudotsuga menziesii) —-bluebunch wheatgrass plant 
communities. Future reference to the communities in the text 


will be by the first tern. 


Kamloops is situated in the interior dry belt with a 
climate, classified according to Koppen (Trewartha 1954), as 
BSK middle latitude steppe. Average precipitation at 
Kamloops, over 65 years, was 26.2 cm with peaks, one in 
early summer and the other in winter (Fulton 1977). Average 
daily temperature for that period was 8.3°9C. The average 
daily temperature in both 1976 and 1977 was 8.6°C while the 
average precipitation for those years was 29.8 and 30.4 cm 
respectively. Soil water potential at depths of 10 and 50 
cm, in Dark Brown Chernozem soils, dropped below -15 bars 
near the end of May and early June in both years (van Ryswyk 
and Broersma2 1977). This corresponded to the cessation of 


crested wheatgrass (Agropyron cristatum) growth. 


2Van Ryswyk, A. and C. Broersma, 1977. Unpublished data. 
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The soils and vegetation of the big sagebrush and 
Douglas fir communities have been described by van Ryswyk 
et al. (1966) and by McLean (1970) for similar areas. Young3 
(1978) has also reported the results of a preliminary soil 
and vegetation survey of the area. The soils of the big 
sagebrush community are of the Chernozemic order and Dark 
Brown great group. The Brown great group may be represented 
on the south facing slopes of knolls. A variety of soiis 
occur in the Douglas fir community. The most common great 
group is the Eutric Brunisol of the Brunisolic order. 
Greater degradation may occur immediately under the canopy 
of very old trees and no degradation between trees. This 
leaves the possibility of finding soils from both the 
Luvisolic and Chernozemic order on that range. 


Vegetation zones preSent at the study area were big 


The study sites were situated in the first and last zones. 
The big sagebrush zone begins at the valley floor situated 
at 335 meters above sea level (masl), and extends to the 
open range-tree ecotone at about 600 masl. The ponderosa 
pine zone is a discontinuous narrow band lying between the 
other two zones. Its distribution in the southern interior 


of British Columbia is correlated with the presence of 


3Young, G. 1978. Unpublished data. B.C. Ministry of the 
Environment, Resource Analysis Branch. 
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coarse soils on glacial till (McLean*, 1978). 

The major plant communities at the study sites were 
earlier identified as big sagebrush and Douglas fir. A big 
sagebrush-needleandthread (Stipa comata) community may be 
interspersed with the former. Their climax composition has 
been described by McLean (1970) for sites in the Similkameen 
Valley (Table 1) which is about 150 km south of Kamloops. 


Saskatoon (Amelanchier alnifolia) was not common in the 


Douglas fir-bluebunch wheatgrass community of the study area 
but rabbit bush (Chrysothamnus nauseosus) was. Heavy grazing 
pressure in the big sagebrush community may result in an 
increase in the proportion of big sagebrush, Sandberg's 
bluegrass (Poa sandbergii) and cheatgrass (Bromus tectorum) 


(McLean 1970). 


-1.4 Geology and Physiography 

A description of the geology and physiology of the 
Study area was provided by Fulton (1977). The bedrock is 
referred to as the "upper Mesozoic Deposits". It consists of 
volcanic rocks and continental sediments of Cretaceous age 
unconformably overlaying granitics intrusive bodies. 
Glaciers, which reached an elevation of 2400 mn, had the most 
marked effect on the physiography. The area was free of ice 
by 9000 years ago. Volcanic ash was deposited on two 
occasions since then. The area in the immediate vicinity of 


the study was characterized by a series of knolls about 300 


4McLean, A. 1978. Personal communication. 
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Table 1. Climax composition of species, that attain a constancy of over 


80%, for communities present on the study area (Table adapted 
from McLean, 1970). 


Communit 

Artemisia-Agropyron Artemisia-Stipa Pseudotsuga~Agropyron 
Species Coverage (%Z) 
Grasses 
Agropyron spicatum 4ha - 7-68c 
Bromus tectorum is T-3b = 
Festuca octoflora + - me 
Koeleria cristata - - 0-7 
Poa sandbergii 1 17-34 - 
Stipa comata te 27-68 ~ 
Forbs 
Arabis holboellii - - 0-1 
Balsamhoriza sagittata = = 0-2 
Crepis atrabarba 3 - 0-1 
Lappula redowski = = - 
Lomatium macrocarpum 3 T-1 ~ 
Microsteris gracilis 7 - - 
Selaginella wallacei = = 0-69 
Shrubs 
Amelanchier alnifolia - - 0-1 
Artemisia tridentata 7 7-22 - 


Less than 12%. 

Mean values from two sites. 
Range of values from three sites. 
Range of values from nine sites. 
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m above Kamloops Lake (335 amasl). An alluvial fan formas 2 
flat field between the knolis and open range-tree ecotone. 


Bedrock occurs at or near the surface on the Enolls. 


1.1.5 Regional Significance of the Study Area 


be 


The rangeland of British Colugmbia cozprises about 9? 
Billion (M) hectares (ha) of the 106 M ha total provincial 
area. Gf the rangeland, about 1.4 # ha consists of open 


grassland which may be partitioned into areas of Sagebrush, 


Middle Grasslands, Fescue Grasslands, Aipine Crassiands and 


ae 
ook 


Sedge Headows in ratios of 1:1:3:2:1 respectiveiy. The 
Sagebrush area is basically the big sagebrush-biuebunch 
wheatgrass comgunity described earlier. No estinzates of area 
were found for the Douglas fir-bluebunch wheatgqrass 
cog@gmgunity. However, within the study area both comgzunities 
appeared equally represented. 

The big sagebrush and Douglas fir communities in the 
Kamloops area are norrmaily utilized by cattle for 2 to & 
weeks in spring and for a similar iength of tize in fall. 
The stocking rate recommended for good range is about 1.5 ha 
per animal unit month (McLean and Marchand 1968). Deer say 
utilize the same range from Deceaber to May. Their sigration 
appears to be in response to vertical gradients of weather 
and forage although hunting pressure in the fail ensures 
late migration onto the lower range. Deep snow at high 
elevations and the early flush of grass at lower elevations 


Stiznulate a downward migration in winter and spring while 
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early maturing forage and hot weather in late spring prompt 
a return to higher altitudes. Annual and seasonal use of the 
range by deer is thus highly variable and its importance 
relative to other ranges cannot be compared simply on the 


basis of area. 
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2- APPROACH 
The studies fall into two parts. One part examines the 
effects of fall grazing or fall burning on the plant while 
the other part examines effects of these treatments on the 
plant-animal interactions. The two parts are related through 
the interaction. 

Treatments were applied in the fall of 1975 and 1976 
and data obtained in April and May of 1976 and 1977. The 
plant data reported in part I was all collected in 1977 fron 
both treatment years. Data collections within any month were 
Made in two communities; first in the big sagebrush 
community and then in the Douglas fir community. The 
collection interval between treatment years was 5 to 7 days 
and between communities for the same treatment year, 10 to 
14 days. 

The studies on plant morphology, plant chemistry and 
forage selection used plant material common to each. 
Basically, the plant material used to examine the first and 
second year treatment effects on plant morphology was also 
used to analyse the first and second year treatment effects 
on plant chemistry. It also provided the necessary data to 
define the relationships of volume to weight and height to 
weight used to estimate availability and utilization of 
bluebunch wheatgrass in the 1977 trials. Therefore, the 
sampling dates and locations coincided with those of the 


animal trials. 
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Studies on the animal may be categorized according to 1 
of 3 levels of experimental constraint imposed on them. The 
constraints imposed were on the size of study area, the 
relative proportion of area in each treatment and the method 
of litter removal. The first and second levels confined tame 
animals to enclosures. The enclosures in the first level 
were 1/7th the area of the second. The proportion of area 
among treatments in the first level was the same while in 
the second level it was unbalanced. Furthermore, in the 
first level fall grazing was simulated by mechanical removal 
while in the second level fall grazing was imposed by 
cattle. In the third level the observations were on free 
ranging animals and the proportion of treated area was very 
small relative to the control. 

The treatment effect at the first level of study was 
examined the first and second year after treatment. The 
nature of the information lends itself to discussion in two 
chapters. One chapter pertains to the first level of 
constraint dealing primarily with forage preference and 
foraging strategy. The other chapter deals with forage 
selection and distribution of use, studied at both the 
second and third levels of constraint. Observations from all 
studies were made in both the big sagebrush and Douglas fir 
communities and at increasing levels of utilization. 

The procedure for estimating available and utilized 
forage in the selection trials differed between years. In 


the first year (1976), only plants of the control were used 
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to define the relationships of volume to weight and height 
to weight for all treatments while in the second year 
(1977), plants from individual treatments were used to 
define those relationships. Furthermore, in the first year 
the regression equations describing those relationships were 
forced near the X,Y coordinates of 0,0 (and 1,1 for the 
relationship of height to weight described as a proportion 
of the total) by entering those values with each data set. 
In the second year, however, the regression equations were 
forced through those coordinates by statistical methods 


(Greig and Bjerring 1977). 
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3. PLANT MORPHOLOGY AND GROWTH 


The methods may be categorized into three studies 
according to their objectives. The first study deals with 
the comparative aspects (physical properties) of fall 
clipping or fall burning on the plant. The second study 
compares the growth of bluebunch wheatgrass between areas 
burned in the fall and spring and the third examines 
initiation of spring growth in bluebunch wheatgrass, crested 
wheatgrass and Sandberg's bluegrass. All observations were 


made in the spring of 1977. 


The design of the study was a 3x3 Latin square repeated 
in both the big sagebrush and Douglas fir communities. Each 
plot was 202m. The fali treatments were clipping, burning 
and no disturbance (control). The plots were burned with the 
aid of a propane torch in November, 1976, when the relative 
humidity was about 60% and the temperature 3°C. Clipping was 
done with an electric powered sickle bar. Electricity was 
obtained from a portable, gasoline powered generator. The 
average stubble heights of the clipped and burned plants 


were about 5 and 1.5 cm respectively. 
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Plant Morphology 

Twenty or more bluebunch wheatgrass plants were sampled 
from each treatment in both April and May in each community. 
Selection was from 1-m? sub-plots placed systematically in 
rows, beginning 0.5 m from the lower end of the plot. A 
Single row of sub-plots was sampled at each date. Twelve 
sub-plots from each treatment were thus available from which 
plants were selected. Plants were eliminated from selection 
if their basal circumference was non-uniform or if their 
circumference was already represented in the sample. The 
circumference of the plants selected ranged from 4 to 55 cm. 
Plant height was measured from the ground to the average 
length of the three longest tillers measured to the tips of 
vertically extended leaves. If one or two long leaves 
extended considerably above the average for the plant, they 
were ignored and the next longest ones were measured. After 
measurement, the plants were clipped at 1.5 cn, individually 
bagged and frozen. Final sample preparations were made by 
separating the green foliage from standng litter, counting 
the tillers of the former and dissecting into five parts of 
equal length. Dissectioning was done by aligning the basal 
ends of the tillers and cutting the plant, from the base, 
into lengths defined by the measured height of the plant, 
less 1.5 cm, and divided by 5. The individual parts were 
bagged, dried at 65°C and weighed. The total green weight of 
each plant was the sum of its five parts. The forage 


material was retained for later chemical analysis. 
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Dry matter density and dry matter distribution within 
the plant were determined from relationships of plant volume 
to weight and plant height to weight respectively. Plant 
volume (cc) was calculated as a cylinder. Polynomial 
regressions were calculated to describe the relationships of 
plant volume(X) to weight(Y) and of height(X) to weight(Y). 
For the latter regressions the dependent variable was the 
proportion of accumulated weight from the base while the 
independent variable was the proportion of accumulated 
height from the base. The regressions of both relationships 
were forced through the 0, 0 coordinates while the 
regressions of height to weight were also forced through the 
1, 1 coordinate. Dry matter density and dry matter 
distribution were, therefore, defined by the regression 
coefficients of their respective equations. The regression 
of each relationship was tested for significance (P<9.95) to 
the 3rd degree. 

The analysis of variances model partitioned variation 
among 3 treatments, between 2 communities and between 2 
months. The covariates were X, X2 and X3 (X=proportion 
accumulated weight) and were crossed with the main factors. 
Variation consisted of individual plant weights for the 
model of volume to weight and the proportion weight per 
segment for the model of height to weight. The variation 
contributed by a term (covariate, or a covariate-main 
factor(s) interaction) was determined by the difference in 


variation between the full model and the sub-model with the 
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term deleted. Residual variation was calculated as the 
difference accounted for by the full model and the total 
variation in the data. 

The minimum of the Bonferroni and Scheffe' ranges were 
used to test for significant differences (P<0.05) between 
coefficients. This test is conservative and has been 
suggested as appropriate when testing among regression 
coefficients (Greig and Bjerring 1977). 

Number of tillers per plant were compared among 
treatments and trials using analysis of covariance with area 
(cm2) and VJarea as covariates. The first variate adjusted 
the estimate for plant size and the second adjusted for edge 
effect. The Duncan's multiple range test was used to test 
for significant differences (P<0.05) among means. The 
treatment effect on tiller weight was analysed using 


analyses of variance and the Duncan's multiple range test. 


Effect of Soil and Air Temperature on Plant 

Single 1-m2 sub-plots were established in each plot in 
areas with high plant density and little interference fron 
shrubs. Corners of sub-plot were marked with steel pins and 
the bluebunch wheatgrass plants mapped on a grid. Initial 
measurements, made on 21 March, consisted of the basal 
circumference and height of green foliage. Plant heights 
were measured weekly, as described above, until 19 May in 


the big sagebrush community and until 3 May in the Douglas 
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fir community. Observations in the latter community were 
terminated early as a result of disturbances from 
free-ranging deer. 

Soil and air temperatures were measured concurrent with 
growth. One Stevenson screen, with a monthly recording 
thermograph, was established at each site. Soil temperatures 
were measured at four depths at discrete weekly intervals in 
each plot, thus providing three measurements per treatment 
at each depth. Temperatures were recorded at 0, 2.5, 10 and 
20 cm in the centers of individual plants. Plants selected 
for measurement were unprotected by shrubs and had a basal 
area of at least 402 cm. Consecutive weekly measurements on 
the same plant were avoided. Temperatures were recorded 
between 1 and 3 p.m. The top two measurements were made 
using thermister probes and the bottom two measurements were 
made using dial thermometers with a bimetallic element. The 
thermometers were tested for accuracy prior to the trials 
and the readings adjusted accordingly. Analysis of variance, 
with Duncan's multiple range test, was used to test for 
weekly treatment effect. 

The daily maximum and minimum air temperatures were 
averaged for the interval between plant measurements. The 
average daily maximum soil temperature, at 2.5 cm, for the 
same period was estimated as the average of two measurements 
taken at the beginning and end of the period. 

The relationship of growth rate (Y=cm /day) on 


temperature (X=°C) were tested for significance to the third 
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degree polynomial according to Goulden (1952). The 
temperature variables examined in separate analyses were 
maximum and minimum air temperatures, average daily air 
temperature and average daily maximum soil temperature at 
2.5 cm. The regression coefficients among treatments were 
tested for similarity using the t-test (LeClerg et al. 
1962). 

The difference between two treatment effects on weekly 
growth rates was analysed using the unpaired t-test (LeClerg 
et al. 1962). The effect of plant basal area on growth was 
examined with regression technigues described above for 


temperature (Goulden 1952). 


Plant material was obtained in the second spring after 
treatment (1977), within areas of the preference trials 
described in chapter 5. Three collections were made prior to 
gtazing: two from the big sagebrush community (one in April 
and another in May) and one from the Douglas fir community 
in May. The collections in April consisted of 10 plants per 
treatment while the collections in May consisted of 19 to 21 
plants per treatment. The criteria for plant selection, the 
collection procedure, and the post-collection treatment were 
the same as described earlier but with one exception 
pertaining to the mature forage. This material was sorted 
into age classes of one and more than one year old material 


and the latter category was discarded. The one year old 
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material (1976 post-grazing regrowth) was then prepared in a 
Similar manner as the current growth, but was not segmented 


for calculation of the weight-height relationships. 


2 Seasonal Effect of Burning on Growth 

Two areas were burned in similar habitats in the big 
sagebrush community. One was burned in November (1976) and 
the other in March (1977). The percent relative humidity and 
temperatures were, respectively, 62% and 5°C in November and 
37% and 13°C in March. Burning was assisted with a propane 
torch. In the first burn each plant was ignited individually 
while in the second the fire spread with little assistance. 
The pre-treatment heights of fifty plants, selected 
randomly, were measured at each site to compare potential 
Site differences. On 20 April fifty treated plants were 
selected randomly and their heights measured. An unpaired 


t-test (LeClerg et al. 1962) was used to examine differences 


between the average plant heights from each Site. 


Appearance of spring growth was observed in bluebunch 
wheatgrass, Sandberg's bluegrass and crested wheatgrass by 
extracting the crowns of five plants of each species and 
examining them for tiller initiation and elongation. The 
lengths of the first five spring-initiated tillers found in 
each crown were measured. Observations began on 10 February 


and were made weekly. Bluebunch wheatgrass and Sandberg's 
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bluegrass plants were examined in both the big sagebrush and 
Douglas fir communities but crested wheatgrass plants only 


in the former. 


The models used to test the regression coefficients of 
equations describing the relationships of both volume to 
weight and height to weight accounted for 92 and 99.8% 
respectively of the total variation within the data. Part 
correlation coefficients for the covariates and their 
interactions with the main factors were not calculated. The 
polynomial equations describing the relationships of volume 
to weight were significant (P<0.05) only at the first degree 
while the equations describing the relationship of height to 
weight were significant at the 3rd degree. From 66 to 71% of 
variation present in the model testing tiller density was 
accounted for by the main factors and covariates. However, 
the factors in the model testing tiller weight accounted for 


only 26% of total variation. 


3-2-1.1 Plant Morphology 
First Spring after Treatment 
Dry matter density within bluebunch wheatgrass plants 
did not differ significantly either among treatments or 


between communities. This is indicated by lack of 
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Significant differences (P>0.05) among regression 
coefficients describing the relationship of volume to weight 
(Table 2). 

The relationships of height to weight indicate a more 
rapid accumulation of dry matter near the base of burned 
plants than in control plants (Table 2). In general, the 
first and third coefficients were smallest in the control 
and largest in the burn treatment while the second was 
largest in the control and smallest in the burn treatment. 
An example of an equation, reconstructed from table 2 (for 
the control in the big sagebrush community in April), was: 
Y=2.512X - 1.870X2 + .353X3. The first regression 
coefficient (b1) differed significantly (P<0.05) both among 
treatments and among trials (Table 2). However, the second 
(b2) and third (b3) coefficients differed significantly only 
among trials. 

Tiller density was greater in burned plants than in 
clipped or control plants (Table 3). Tiller densities in all 
treatments were also greatest in the big sagebrush 
community. There was also a consistent trend for tiller 
weights to be lower in burned plants than in clipped or 
control plants (Table 4). Trial averages reveal that in May, 
tillers were less dense but heavier in the Dougias fir 


community than in the big sagebrush community. 
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Treatment 


Control 
Clip 


Burn 


Control 
Clip 


Burn 


Control 
Clip 


Burn 


Control 
Clip 


Burn 
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Regression coefficients describing the relationships of (1) green 
volume (X=cc) and green weight (Y=gm) and (2) green height (X= 
proportion from base) and green weight (Y=proportion from base), 
for plants in the first growing season after fall treatment 

(n=90 to 140). 


Artemisia tridentata Pseudotsuga menziesii 
April May April ; May 
Volume-Wetphtt 
-00197+.00028 -00207+.00010 -00110+ .00029 -00166+ .00010 
-00107+ .00037 -00228+.00012 -00098+ .00017 -00143+.00010 
-00140+ .00033 -00206+ .00014 -00070+ .00033 -00170+ .00013 


Height-Weight 


bL 
2.512cdef+.055 1.898a +.052 2.232be +.056 1.88la +.058 
2.723ef +.061 2.234b +.053 2.396bcdet .061 2.106ab +.059 
2.787£ +.050 2.228b +.048 2.548def +.053 2.314bed +.059 
b2 
-1.870abc +.160 - .664de +.150 -1.243cde +.164 - .490e +.168 
—2.33lab +.178 -1.305cde +.153 -1.58lbcd +.178 - .963de +.168 
—-2.486a +.144 -1.376cd +.138 -1.954abe +.153 -1.342cde +.173 
b3 
-353abcd+.110 - .233a +.103 -00634abc+ .113 - .395a +.116 
BOOS Cds su2Z -0670abc+ .105 sl85abed =.122 - .148ab +.116 
-696d +.0990 ~l44abe +.0954 -402bed +.105 -O216abc+ .119 


Regression coefficients (*1 SEm) of linear equations do not 
differ significantly (P > 0.05) among treatments. 

Partial regression coefficients (+1 SEm) of cubic ote 
equations. 

Regression coefficients with the same letter, within row 

and column of subset, do not differ significantly (P > 0.05). 
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Table 3. Tiller densities in two communities the first growing season 
after fall treatment. 


Artemisia Pseudot suga 
tridentata menziesii 
Treatment 

Treatment April May April May mean 
Control 78.2bc* 66.9b 56.6ab 54.5ab 64.6d 
Clip 76.5be ain The 63.7b 3l.la 60.9d 
Burn 99.5c 76.5bce 52.0ab 79 .4be 77.4e 
Trial mean 86.32 73.22 56.9£ 53.4£ 
n 70 76 67 62 


Number tillers per plant adjusted by covariates: area and Varea. 

a-c Means with same letter in row and column do not differ signficantly 
(Pas0; 05)" 

d&e Treatment means with same letter in column do not differ signifi- 
cantly (2 >) 0,05). 

f&g Trial means with same letter in row do not differ significantly 
(P75 70:05)), 
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Table 4. Tiller weights in two communities the first growing season 


after fall treatment. 


Artemisia tridentata 


Tiller weight (gm/tiller) + 1 SEm. . 


Pseudotsuga menziesii 


Treatment = April = May April May 
Control .020ab+.014* -O064bc +.014 -O024abc+.014 .085c +.016 
Clip -Gl4ab+.016 .O5labc+.014 -O25abc+.016 .186d +.014 
Burn -014ab+.013  .043abc+.013 -O1l2a +.014 .056abc+.016 
Trial 
mean -016f -053g .020f -104h 

n 70 76 67 62 


Treatment 
mean 


-047e 
-O74e 


-024e 


a-d Means with same letter in row and column do not differ significantly 


e 


(Poon 0.05) - 
Treatment means do not differ significantly (P > 0.05). 


f-h Trial means with same letter in row do not differ significantly 


(Pe>2 0505). 
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The post-grazing regrowth in the first spring was measured 
as weathered forage during the second spring. The regression 
coefficients indicate that dry matter density was 
significantly greater (P<0.05) in burned plants in the big 
Sagebrush community (Table 5). However, in the Douglas fir 
community, dry matter density was smallest in burned plants. 
Community differences for the control and clipped treatments 
were not significant (P>0.05). 

In the second year after treatment, regression 
coefficients describing the relationship of volume to weight 
indicate that dry matter density increased from the control 
to the clipped to the burned treatments (Table 6). However, 
differences were significant (P<0.05) only between the 
control and burn treatments in May in the big sagebrush 
community. Differences also occurred among trials (Table 6). 
In the big sagebrush community, those coefficients 
representative of data for May were larger than those for 
April. In May, regression coefficients from treated plants 
in the big sagebrush community were larger than those in the 
Douglas fir community. 

The dry matter distribution within plants was similar 
among treatments. This is shown by the regression 
coefficients of polynomial equations describing the 
relationship of height to weight (Table 6). However, 
differences among trials were evident. A greater proportion 
of dry matter was distributed near the base of plants in 


April than in May. 
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Table 5. Regression coefficients describing the relationship of volume 
(X=cc) and weight (Y=gm) for weathered forage produced post- 
grazing the first growing season after fall treatment. 


Artemisia Pseudotsuga 
Treatment tridentata menziesii Treatment mean n 
Control -00295be +.00031 -00348c +.00027 -00334f+ .00020 39 
Clip -00293abc+ .00039 -00170ab+ .00033 -00233e+ .00025 40 
Burn 005174 +.00033 -00146a +.00030 -00321f+ .00022 41 


Community mean -00364h +.00020 .00228g +.00017 
n 60 60 


a se EL 


a-d Regression coefficients (+1 SEm) with same letter in row and column 
do not differ significantly (P< 0.05). 

e&f Treatment means with same letter in column do not differ signifi- 
cantly (P > 0.05). 

g&h Community means with same letter in row do not differ significantly 
(P5220 .05). 
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Table 6. Regression coefficients describing the relationships of (1) 
green volume (X=cc) and green weight (Y=gm) and (2) green 
height (X=proportion from base) and green weight (Y=proportion 
from base) for plants in the second growing season after fall 
treatment. 

Artemisia tridentata Pseudotsuga menziesii 
Species-Montht Species-Month 
Treatment Deer-April Cattle-May. Cattle-May 
Volume-Weight (n=10-20) 
Control -00082a +.00020 -00280bc+ .00013 -00193abc+ .00011 
Clip -0013lab +.00043 -00325¢ +.00016 -00197ab +.00013 
Burn -00208abc+ .00044 -00496d +.00013 -00228b +.0012 
Height-Weight (n=50-100) 

bl 
Control 2.376be +.0798 2.040ab +.0595~ 1.777a +.0579 
Clip 2.491e +.0798 1.963a  +.0579 1.854a +.0579 
Burn 2.448c +.0798 2.035ab +.0564 1.855a +.0595 

b2 
Control -1.625abc+.232 -1.08labcd+.173 -.512d +.168 
Clip -1.84la +.232 - .948abcd+.168 -.61l6cd +.168 
Burn -1.805ab +.232 - .98labcd+.164 -.705bcd+ .173 

b3 
Control -246a +.160 -0388a +.119 -.263a +.116 
Clip -347a +.160 -O175a +.116 -.243a +.116 
Burn 2355a° '*.260 -.0568a +.113 -.154a +.119 
di Grazing animal and month of grazing in the first growing 

season after treatment. 
a-d Regression coefficient (+1 SEm) with the same letter, within 
row and column of subset, do not differ significantly 
7 LGCP 40.05). 

bj» bo» .b3 Partial regression coefficients (+1 SEm) of cubic polynomial 
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Tiller density in the second spring remained similar or 
increased from tiller density in the first spring (Table 7). 
In both seasons tiller density was highest among the burned 
plants and decreased from the clipped to the control 
treatments. Tiller density was significantly (P<0.05) less 
in the Douglas fir community than in the big sagebrush 
community. 

There were no Significant differences in tiller weights 
among treatments (Table 8). However, there was a consistent 
trend for tillers to be heavier in control plants. In trial 
averages, tillers in the Douglas fir community were heavier 


than in the big sagebrush community. 


3.2.1.2 Growth 
Average weekly maximum and minimum air temperatures are 
shown, for both the big sagebrush and Douglas fir 
communities, in figure 1. Temperatures in the big sagebrush 
community were consistently greater than those in the 
Douglas fir community. Soil temperatures at all depths (Fig. 
2) followed the pattern established by the maximum air 
temperature. Temperatures were higher in the soils of the 
big sagebrush community than of the Douglas fir community 
until April. At this time they become similar. Temperature 
differences at the 0 and 2.5 cm depth, were calculated for 
each treatment (Table 9). The average differences from the 
contol plants, in the big sagebrush community, were, at the 


0 cm depth, +1.89 and #2.14°C respectively and, at the ao 
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Table 7. Tiller densities, following grazing in the first growing 


season, in two communities and in two growing seasons 
after fall treatment. 


Pseudotsuga 
Artemisia tridentata menzicsii 
ee pee ae 
Species-Month Species-Month Treatment 
Treatment Deer-April Cattle-May Cattle-May mean n 
Post-grazing in first spring after treatment 
Control 76.9bct 53 .3ab 27.2a 47.4£ 49 
Clip 107.2cd 71.3be 60.9b 74 .5£ 50 
Burn 147.8d 134.4d 70.5b 112.0g 51 
Trial 
mean 110.64 87.71 52.9h 
n 30 60 60 
Second spring after treatment 
Control 91.9bc 90.4be 53224 U[SieS pe 49 
Clip 105.9bcd 113.6cd 69.0ab 94.2£ 50 
Burn 140.5de 165.0e 76.8ab 125.62 51 
Ry fa 
mean 112.81 124.24 66.3h 
n 30 | 60 60 
+ 


t 


Grazing animal and month of grazing in the first growing season 
after treatment. 
No. tillers per plant adjusted by covariates: area and Varea. 


a-e Means with same letter in row and column of subset do not differ 


fig 


h&4 


significantly (P > 0.05). 

Treatment means with same letter in column of subset do not differ 
significantly (P > 0.05). 

Trial means with same letter in row of subset do not differ signifi- 
cantiy (P > 0.05). 
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Table 8. 


Treatment 
Control 
Clip 


Burn 


after fall treatment. 


Artemisia tridentate 


Species-—Month 
Cattle—May 


Deer-April 
.025a+.022° 


-O021a+.022 


-022a+.022 


Trial 


-022¢ 


-065a+ .016 


-058a+ .016 


-059a+.015 


-060d 


Pseudot suga 
Benziesii 


——————— ee 


Species-Month Treatment 


Cattle-May meen 
-089a:.016 0560 
.074a: .016 


-074a+ .016 
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Tiller weights in two communities the second growing season 


|e 


£9 


51 


mean ~O73e 
n 30 60 60 

+ : : 4 ; ¢ z 4 sho £3 “ee eS er es 
Grazing animal and month of grazing in the first growing season after 
treatment. apo. 

a = 4 + 1SFa. 

+ Tiller weight (g=/tiller) 

a Means with same letter in row and column of subset do not differ 
significantly (P > 0.05). 

b Treatment means with same letter in column of subset do not differ 
significantly (P > 0.05). 

c-e Trial means with same letter in column of subset do not differ sig- 


nificantly (P > 0.05 
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Artemisia tridentata Pseudotsuga menziesii 
28 - Soil depth Soil depth 
26 Ocm Oc 
m 

Go 
2 
Ww 
$s 
= 2.5cm 
3 
a 10cm 
w 20cm 
= 
= 
8 


See f 
February March April February March April 


Figure 2. Weekly soil temperatures at four depths from February to April 
in two communities (averaged for all treatments). 
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cm depth, +.47 and +1.39°C respectively. In the Douglas fir 
community, the average differences from the control plants 
were, for the clipped and burned plants at the 0 cm depth, 
#2.36 and +2.85°C respectively and at the 2.5 cm depth, 
#1.05 and +2.04°C respectively. In each case the 
temperatures were warmer in the burned plants. The average 
temperature difference between the clipped and burned plants 
were, in the big sagebrush community, .25 and .92°C at the 0 
and 2.5 cm depth respectively and, in the Douglas fir 
community, .49 and .99°C at the 0 and 2.5 cm depth 
respectively. 

The rates of plant growth in each treatment, and at 
weekly intervals, are shown in figure 3. After 27 April the 
rates of elongation were afffected by the development of 
inflorescence. It is evident that temperature markedly 
influenced growth to that time. This is confirmed in figure 
4 using only estimates of average maximum air temperatures, 
made prior to 27 April, in regression analysis. The growth 
response to soil temperature at 2.5 cm was Similar, however 
less variation was explained. The temperature-growth rate 
relationship was explained with linear equations for plants 
of the burn and clip treatments. For the control, however, 
the cubic polynomial was significant (P<0.05), accounting 
for an additional 4% of total variation. However, this model 
shows an upward inflection at the lower end of the scale 
thus making it unrealistic. 


The regression coefficient describing growth of the 
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Pseudotsuga menziesii 
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Mean daily rate of tiller elongation 


Figure 3. 
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Figure 4. Effect of mean weekly air temperature (X), at 1.5 m above 
ground, on mean daily rate of tiller elongation (Y) (n=12). 
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burned plants (Fig. 4) differed significantly (P<0.1) from 
the coefficients describing growth of both the clipped ana 
control plants. This contrast is also evident by an 
inspection of figure 3. Although few significant (P<0.05) 
differences occurred, it is evident that the growth rates of 
control and clipped plants were often more similar than any 
other combination with burned plants (Fig. 3). According to 
figure 4 the growth rates of the burned and control plants 
were the same at 13.5°C. Examination of figures 1 and 3 
indicate that the points actually occurred between 10 and 
12°C in the Douglas fir community and between 11 and 13°C in 
the big sagebrush community. 

The rates of elongation, averaged for the period from 
27 March to 10 May, were Significantly (P<0.05) related to 
plant basal area for the control plants only. The best fit 
was a quadratic polynomial. The equations were: 
Y=. 262+.0132X-.0000525X2 (R2=.84, n=17) in the big sagebrush 
community and Y=. 354+0.00389X-. 0000067K2 (R2=.41, n=20) in 
the Douglas fir community (Y=cm/day and X=cm?). The slopes 
were near zero for both the burn and clip treatments. 
Similar ranges of plant sizes were recorded for each 
treatment, however, covariance analysis with area as a 
covariate was not attempted to examine the growth rates 
among treatments. The data did not meet a major assumption 
of covariance analysis, that the covariate effects be linear 


and the same among treatments (LeClerg et al. 1962). 
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The height of mature foliage in the vicinity of the two 
burned areas was the same. At the November burn the average 
height (+1 SEm) was 39.041.2 cm and at the March burn the 
average height was 38.8+.7 cm. The height of spring growth 
(on 20 April) following burning differed significantly 
(P<0.01) for burning times. On the November burn the average 
height (+1 SEm) was 34.2+.9 cm and on the March burn it was 


29.94+.6 cn. 


3.2.3 Initiation of Spring Growth 

Bluebunch wheatgrass initiated appearance of growth 
near the end of February in the big sagebrush community 
(Fig. 5). Appearance of growth at the ground surface was 
delayed for over 1 week in the Douglas fir community. 
Thereafter, the rate of elongation was similar to that of 
plants in the big sagebrush community. Previous fall 
regrowth was about 5 cm long and growing when spring 
initiated tillers first appeared at the crown. Before the 
newly formed tillers emerged above the soil the difference 
in length between the spring and fall initiated tillers had 
increased to 7.5 cn. 

Tiller development was first noticeable at the crown of 
Sandberg's bluegrass in February in the big sagebrush 
community and one week later in the Douglas fir community. 
Emergence at the ground surface took from 2 to 3 weeks more. 


Crested wheatgrass was not sampled until 1 March. At this 
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Community 


e ——— Artemisia tridentata 
rr Pseudotsuga menziesii 


Approximate ground surface 
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February March April May 


Figure 5. Appearance and accumulated growth of bluebunch wheatgrass 


tillers in two communities (weekly mean + 1 SD). 
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time its development was similar to that of bluebunch 


wheatgrass. 


Litter removal by fall clipping or burning increased 
the productive potential of the plant to the second year 
through increased tillering (Tables 3 and 7). However, dry 
matter density, which is indicative of plant production, was 
not greater in defoliiated plants until the second year 
(Tables 2 and 6). 

The similarity of regression coefficients describing 
the relationships of volume to weight (Table 2) can be 
partly explained on the basis of tilier density and weight 
(Tables 3 and 4) which were negatively correlated (r=-0.7). 
The net effect (tiller weight x tiller density) was a 
general decrease in unit weight per plant on the burned 


treatment. Similar relationships of tiller weight to tiller 


{Horrocks and Washko 1971). Mueggler and Blaisdell (1958) 
reported a first year decline in bluebunch wheatgrass 
productivity following burning. 

A negative correlation of tiller weight and tiller 
density may be associated with the destruction by fire of 
Carbohydrates at the crown, more rapid respiration of 


carbohydrates resuiting from warmer temperatures at the 
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crown or the destruction of photosynthetic surface produced 
the previous fall. Trilica and Cook (1972) have shown that a 
significant proportion of carbohydrates may be stored in the 
Stubble of crested wheatgrass. Furthermore, burning may 
destroy fall regrowth resulting in greater demand from the 
reserves and reduced photosynthetic area. McIlvanie (1942) 
reported that the compensation point, where depletion of 
carbohydrates ceases in bluebunch wheatgrass, occurs when 
the plant has reached 45% of its mature height. 

Grazing in the first spring modified the treatment 
effect by removing tiller apices and photosynthetic area. 
However, the grazing impact was influenced by treatment. The 
height of standing litter was shown to exert a strong 
barrier effect to the grazer (Part II). Burning reduced the 
stubble to about 2 cm while clipping reduced the stubble to 
about 5 cn. This was reflected in the average spring grazing 
heights which, at heavy grazing pressure, were about 3 cm on 
the burned, 6 cm on the clipped and 9 cm on the control 
plots. The plant response immediately following grazing was 
likely determined by time, frequency and severity of grazing 
and by growing conditions. 

Grazing by deer in April occurred at a crucial stage in 
the plants! development. It is probable that carbohydrate 
reserves were near minimal. Grazing in May would normally do 
less damage to the plant. At this time carbohydrate reserves 
are being replenished and storage is sufficient for 


regrowth. Insufficient moisture may be a crucial factor in 
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some years but evidently was not at the time of study 
(BroersmaS, 1978). 

Regression coefficients, calculated only for plants of 
the cattle trials, (Table 5) do not indicate damage to the 
plant, nor does tiller density (Table 7). The larger 
coefficient for the burned plants in the big sagebrush 
community was probably the result of greater tiller density. 
Comparison of the coefficients between the big sagebrush and 
Douglas fir communities, reveals a completely opposites 
trend. This indicates that burned plants recovered more 
Slowly in the Douglas fir community. The effect may he 
caused by less favorable growth conditions, such as shading 
and competition from trees for moisture and nutrients. 

In the second year, growth of all plants occurred 
within mature foliage. The effect of standing litter on 
light and temperature would, therefore, be similar among 
treatments. This indicates that the measured effect was 
residual from the first year. 

The trends observed among treatments for relationships 
of volume to weight and tillering were similar to those in 
the first spring after treatment. The only change measured 
was in the relationships of volume to weight in the Douglas 
fir community where the size of coefficient became similar 
among treatments. This indicates a loss of effect, confirmed 
by the similarity of tiller numbers among treatments in the 


second spring (Table 7)- It is interesting to note that 
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SBroersma, C. 1978. Personal communication. 
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tiller weights were similar among treatments in the second 
spring although tiller density was significantly (P<0.05) 
greater in clipped and burned plants. The net effect would 
be reflected in increased production from those plants. 
Daubenmire (1968) reviewed literature reporting similar 
observations for species other than bluebunch wheatgrass. 

The tillering response to burning may be the result of 
Warmer soil temperature (Langer 1963), increase in light 
intensity or removal of apical dominance by destruction of 
the previous fall regrowth. The latter effect does not 
appear to have been investigated. Destruction of tiller 
apices has resulted in increased tillering (Langer 1963) 
however these effects were in response to treatment during 
plant growth. 

Plant regrowth is affected by available nutrients and 
environmental conditions (Youngner 1972). Although disputed, 
the level of carbohydrate reserves may aiso be a factor 
(Ogden and Loomis 1972). If that is so then, presumably, the 
number of tillers drawing from a fixed reserve will also 
affect their individual weight. 

Fall grazing or burning also caused a redistribution of 
dry matter to a lower position in the plant. The treatment 
effect in the first growing season (Table 2), and the lack 
of effect in the second year (Table 6), indicates the 
response was due to light and temperature. Light and 
temperature in the plant are modified by standing litter. 


Burning defoliated the plants most and caused the greatest 


“heeoee aa ah a raat 


4% 


bis 09a van ‘ys 7 a on " 


bats peihdr09: at) yon baeieed i 
a sre eoi doauds uti anit atte. ayrneae'3 
te, tineoy, aie oa v bal ‘udbagiet OF, sagopa ron 
td peT ne snsondab " tea ‘lespabt): i axe 


bn se 
a we 
t¢ 20 + pwaxaeh Yd, eissnea co Ths 29) eno a ea ie 
i ary re 
\ ; _ 
iad B50) traits. 19% i wit, wt A fv nya’ “ie at ‘ 


a 


; ats 
jolla 16 sa tied 2 a Aoreebrasias Tagore aed t's 


(EdCh Hop sare) py tral s 4 bse © pid h Ae Bes sueira iets 
pnleob travtss3t 04, oz aadesa ‘ek gr6 F foe Baeds a 


| eine ‘ 
a: ' as 
; bars i ’ . 
iM =. i 
l 


bas a¢osiczon alisitevs,  ¥d ‘bed ae23 g rT savage! Ha 
saris) fy inion hia ‘cagver af ounaino »¥) nes: neh fOr, Lex, Ts 
gals (yea seein’ ahead oink: ae 
ay , aay 4 any o8 Bt hei co ae = 4nve rt atinnod: oe sin 
t pen). 


oeis tliv o¥t5eeq bad, 6 wot ppiwerb avottte 20 rade 
af GR ioe Lorbiteabab sheds: x 
to. sokts¢ iqjatbas & \aataD Bein pabenwd 20 vittende 
dows Bert edt, 2tebig situ me, tol seq ‘aawel fi oF ne e 
taal ads hae. . {% gta. ORsea es pabwonp tern 9. Sisal 
ald sadsoubud 9 aided) Sey baonsge « A — ya 

has baiebt 24 reap anes haa sae od out, ao" ert 


lala ee d Lea laa hanian site ae | 
oe 


i 
Pel 


4u7 


effect in the first growing season after treatment. By the 
second year when no effect was measured, all new foliage 
grew within standing litter. The major difference observed 
Was among trials and indicated a greater proportion of 
weight near the basal portion of plants grown in the big 
Sagebrush community in April. This effect was probably the 
result of little or no culm development at the time of 
Sampling. 

The vertical distribution of weight within the plant is 
affected by the distribution of leaves on the culm, the 
number of leaves and the size of stems (Heady 1950). The 
vertical distribution of weight within the tiller also 
declines toward the apex. Knowledge of this relationship has 
been found useful for estimating utilization based on 


residual shoot length (Heady 1950). 


The effect of burning on soil temperature was similar 
to that reported by Daubenmire (1968) for grassland fires. 
It appears the effect was largely the result of increased 
solar radiation at the crown since the difference between 
the clipped and burned plants was less than .5°C. The effect 
of burning was most noticeable at 2.5 cm. Perhaps greater 
evaporative cooling from burned soil kept temperature 
differences at the surface to a minimun. 

Tiller elongation was most closely related to the 


Maximum air temperature measured in a Stevenson screen. 
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Temperatures at ground level may be 5°C higher than at 1.5 n 
above ground level (Geiger 1966). The values used, 
therefore, to correlate with growth are somewhat below the 
maximum at the leaf. The temperature recorded in the soil 
may have been correlated better with tiller elongation if 
the effect were delayed. Soil temperature affects root 
elongation which in turn affects growth of the aerial 
portion. 

The linear predictions of growth rate to temperature of 
the control and clipped plants was essentially the same. 
Although not shown was an inflection in the line (Fig. 4), 
to indicate that the optimum temperature for growth occurred 
near 20°C, a temperature considered optimum for most 
temperate species (Cooper 1970). The growth rate of burned 
plants differed from other treatments and showed a more 
variable response to temperature (Fig. 4). These effects may 
result from the destruction of fall regrowth thereby 
reducing the photosynthetic surface, from exposing the 
meristematic tissue to extreme soil temperatures or from 
increasing soil temperatures that may result in a moistare 
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4. PLANT CHEMISTRY 


4.1 Methods 

The treatment and sample collection and preparation in 
the first and second year after treatment were described in 
section 1. Plants representing each treatment of the May 
Samples were randomly sorted into three groups of equal 
plant numbers. The segments of plants in each group were 
composited to yield four sub-samples according to vertical 
distribution (% height) in the plant (1) 0-20%; (2) 20-40%; 
(3) 40-60%; and (4) 60-100%. In order to reduce the number 
of samples for chemical analysis, the plant segments 
representing 0-20% and 40-60% were further composited across 
the groups of each treatment. Plants of the April samples 
were too small for separation beyond the segments. Only 
three sub-samples were composited for each treatment. They 
represented the vertical distribution (1) 0-20%; (2) 20-40%; 
and (3) 40-100%. 

The samples were ground and analyzed for ADF (acid 
detergent fiber), NDF (neutral detergent fiber), lignin, 
nitrogen, calcium, phosphorus and magnesium. Nitrogen was 
determined by standard A.O.A.C. (1975) methods. NDF, ADF and 
lignin were determined by the methods of Goering and van 
Soest (1970) and modified by Waldern (1971). Phosphorus was 
determined by the vandomolybdo color method of Jackson 
(1958). Calcium and magnesium were determined by atomic 


absorption spectrophotometric methods based on the 
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technigues of Christian and Feldman (1970) and the 
Perkin-Elmer Corporation (1973). All methods were 
standardized by analyzing (1) standard reference samples of 
known concentrations and (b) duplicate samples. All results 
were converted, and reported, as percent of dry matter. 

The chemical parameters of the May samples were 
statistically analyzed (with analysis of variance) among 
treatments, between segments (2nd and 4th) and between 
communities. The design was a 3 x 2 x 2 factorial and all 
interactions were examined. Separate analyses were made for 
each chemical constituent and for both first and second year 
Since treatment. The vertical distribution of the 
constituents was described with linear equations for the 
April samples and with quadratic equations for the May 
samples. In the regressions, Y was the chemical constituent 
as percent of dry matter and X was the percent accumulated 
height to the mid-point of each individual or composited 
segment. The mid-points, for the April segments, were 10, 30 


and 70% and, for the May segments, 10, 30, 50 and 80%. 


4.2.1 Forage Harvested in April 
4.2.1.1 First Year after Treatment 


Nitrogen, phosphorus and magnesium were greater in 
Samples from the big sagebrush community, increased among 
treatments from the control to the burn and increased within 


the plant from the bottom to the top (Table 10). The 
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Table 10. First year effect of fall clipping or burning on the vertical 
distribution of chemical constituents (Z) in bluebunch wheat- 
grass in two communities during April, 1977. 


Segment 
Fall (% from plant base) 
Community Treatment 0-20 21-40 41-100 bo by 
ea ce NE se ee eee eee 
Nitrogen 
At Co Zo shai] 3.8 2.4 eO2Z 
Cl 2.7 3.0 3\i8) 2.6 -O11 
B 2.8 3.5 3:9 2.8 sOl7 
Ps Co 1.8 2.5 Sha 72 1.7 -022 
Cl 1.9 Lied Sle? 1.8 -022 
B 2.4 Shesal s}472 Y de -012 
Calcium 
At Co 18 24 24 19 -0009 
Cl mee aval -30 Bile. -0012 
B Ae 29 -34 -26 -0012 
Ps Co -26 As hit neal 74) | -0007 
cl ark) <a> -34 30 -0007 
B “35 39 45 34 -0016 
Phosphorus 
At Co 38 -41 44 37 -0010 
cl 41 43 45 41 -0006 
B 41 43 44 41 -0005 
Ps Co 36 AW) 42 34 -0010 
Cl 39 -40 -42 38 -0005 
B -40 Asie, 42 39 -0004 
Magnesiur 
At Co -18 -18 -18 pis! 0 
onl 18 19 -20 -18 -0003 
; B nlp} ANY) -20 ail) -0005 
Ps Co nal sibs) 14 ape -0003 
Ci «13 14 -16 me -0005 
B -15 LO sly op tb -0003 
NDF 
At Co 69.6 65.3 60.8 70.4 -.14 
Cl 69.9 68.9 63.1 71.6 -.12 
B Oy/oak 65.4 61.3 68.2 -.10 
Ps Co 68.1 62.6 51.8 70.8 -.27 
Cl 61.8 64.1 54.2 65.3 -.14 
B 65.4 62.4 5255 68.5 -.24 
ADF 
At Co 34.6 32.9 30.8 35.0 -.06 
Cl S350 SHAS Slay, 32 ei -.01 
B 3355 38.3 30.3 36.6 -.07 
Ps Co 34.8 33.4 30.2 35.h -.08 
Cl 30.6 36.3 28.9 BSno -.05 
B s\n 7/ 27.0 26.00 32.8 -.10 
Lignin 
At Co Ze 2.4 33 Zine SOLS 
ent [AS oe 252 Shas Shao) -.005 
B 3.3 5.8 5.2 3.8 -025 
Ps Co Pee? 2.8 4.5 Pa7 -039 
Cl 228 6.9 4 SS -.058 
3 6.9 6.3 1.9 8.2 -.087 


ba, b Y-intercept and regression coefficient, respectively, of linear 
4 equations describing vertical change in the plant. 

Co Control; Cl Clipped; B Burned. 

At Artemisia tridentata; Ps Pseudotsuga menziesii. 
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community, treatment and plant relationships were opposite 
to those above for ADF and NDF and not consistent for lignin 
The response of calcium differed from the response of the 


first 3 elements only between conmunities. 


Nitrogen increased, and NDF decreased, within the plant 
from the bottom to the top and among treatments from the 
control to the burn (Table 11). The plant and treatment 
relationships were not consistent for all other chemical 
constituents. Calcium, phosphorus and magnesium generally 
increased from the control to the burn while calcium and ADF 


decreased from the bottom to the top of the plant. 


Significant (P<0.05) differences were found among 
treatments, between the 2nd and 4th segments and between 
communities for all chemical constituents (Table 12). 
Treatment differences for the top segment in the big 
sagebrush community occurred only for NDF. Treatment effects 
were noticeable for most chemical constituents of all other 
segments. The vertical change of all constituents within the 
plant was generally least for the burned plants and most for 
the controi plants (Tables 12 and 13). This generalization 
was demonstrated with a graphical display for nitrogen, 


phosphorus and NDF (Fig. 6)- 
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Table 11. Second year effect of fall clipping or burning on the vertical 
distribution of chemical constituents (%) in bluebunch wheat- 
grass in the Artemisia tridentata community during April, 1977. 


Segment 
Fall (% from plant base) 
Treatment 0-20 21-40 41-100 bo by 
Nitrogen 
Co oo 265 3.1 1.8 -018 
Cu Zak 2.6 i YA 2.0 -016 
B 2.3 2.9 ek 2e3 -012 
Calcium 
Co cad av 39 -40 -.0002 
Cl 44 eal sa BS -.0002 
Phosphorus 
Co 38 37 69 ads’ -0056 
Cl Elie ass We SS AS is, -0002 
B -42 aL 39 yy -.0005 
Magnesium 
Co eas: 15 LT 16 00007 
Cl iby 4 aPy, BES Ly 00018 
B - 20 18 19 a BS) -.00011 
NDF 
Co 67.9 64.8 56.9 70.0 -.185 
Gl Gojrc 59.0 54.4 66.3 -.179 
B 64.0 55%. 53.2 63.3 -.161 
ADF 
Co 41 1 40.8 32.8 43.6 -.147 
Cl 39.1 34.0 30.0 39.6 -.139 
B LO ear f soe SWRaR 40.8 -.056 
Lignin 
Co 4.0 329 a 3.9 -004 
Gr 255 Z20 a : Lat -.028 
B 4.3 33 Lie? 3.9 002 


b , b, Y-intercept and regression coefficient, respectively, of linear 
equations describing vertical change in the plant. 
Co Control; Cl Clipped; B Burned. 
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Table 12. First year effect of fall clipping or burning on the chemical 
constituents (%) in the upper (4th and Sth) and lower (2nd) 
segments of bluebunch wheatgrass in two communities during 


May, 1977. 
a ar a ee ol ee Mae Ne 
Fall treatment Anova 
Community Segment Control Clip Burn - Source df ss F 
ee a ae ER EL eee On Ce RS Fo aa tee te mes La a See 
Nitrogen 
At Top 2.34d 2.344 2.374 Treatment yf wane 12.8* 
Bottoa 1.58ab 1.73b 1.94c Segment 1 3.635 399.5% 
Community 1 247 27.1% 
Ps Top 2.26d 2.02c 2.38d Ts 2 043 2.4 
Bottom 1. 56ab 1.478 1.62ab Txc 2 -086 Fe ed 
SxC 1 -013 1.4 
TxSxC 2 058 3.2 
Residual 24 218 
Calcium 
At Top -18ab -2lbe -21bc Treatment 2 -021 20.9% 
Bottom -l6a -18ab -22cd Segment 1 021 42.0* 
Community 1 -063 126 .6* 
Ps Top -29e -29e -38f TxS 2 -0002 «2 
Bottom -22cd -23ed -26de TxC 2 002 7474 
SxC 1 -010 20.7* 
TxSxC 2 004 4.2% 
Residual 24 -012 
Phosphorus 
At Top -35ed -34ef -36fg - Treatment 2 -012 24 .3* 
Bottom -27a 27a -33de Segment ail 028 116.3* 
Community 1 -001 5.6* 
Ps Top -33de -3led -37g TxS 2 -001 3.0 
Bottom . 26a -28ab .30be TxC 2 -0001 574 
SxC 1 0001 wie 
TxSxC 2 -003 5 .6* 
Residual 24 -006 
Magnesium 
At Top -15ced -15ed -l4c Treatment 2 002 11.0* 
Bottom -llab -12b -15cd Segnent 2 - 008 90.0* 
Community 1 -0007 8.5% 
Ps Top -14c -15cd -16d TxS 2 -0005 3.1 
Bottom ,10a*= .12b -llab TxC 2 -0003 3 LAY 
Sx C 1 -001 13.4% 
TxSx C 2 -004 25.4% 
Residual 24 -002 
NDF 
At Top 63.8d 59 .8be 59.6b Treatment 72 97.6 12.8*% 
EBortom vistas) 3 68.7e 63.7d Segment P3422 52 90.1% 
Community 1 124.7 32.8% 
1 
Ps Top 59.2b 59.1b 55.7a Ixs 2 -6 5 
Bottom . 64.1d 63.1cd 63.35 TxC 2 22.1 2.9 
SxC 1 4.1 bg b 
TxSxC 2 27.9 3.7% 
Residual 24 91.4 
ADF 
At Top 35.6cd 35.2bed 33.9bc Treatment 2 54.9 20 .0* 
Bottom 42.4¢ 40.9fg 37 .0de Segment 1 §342..2 249 4% 
Community 2k 10.7 7.8% 
Ps Top 34 .4be 33.2b 30.9a TxS 2 4.1 LAGS 
Bottom 39 <3£ 41.7 38 .9ef Tc 2 4.9 1.8 
SxC 1 8.8 6.4% 
TxSxC 2 18.2 6.6% 
Residual 24 3269 
Lignin 
At Top 2.30a 3.20ab 2.70ab Treatrent 2 11.8 5.6% 
Bottom 6.76c 3.53ab 3.53ab Segment 1 4.6 4.4% 
Community 1 1.3 1.3 
2 9.1 4.4% 
P Top 4.10b 4.20b 2.23a TxS 
x Bottom 3.60ab 2.90ab 2.7Mab TxC 2 1.4 7 
SxC 1 12.) 11.6* 
TxSxC 2 8.5 4.1% 
Residual 24 25.0 


a 

a-g Mean chemical constituent with same letter within analysis do not 
differ significantly (P > 0.05). 

* Significant at P< 0.05. 

At Artemisia tridentata; Ps Pseudotsuga menziesii. 
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Table 13. First year effect of fall clipping or burning on the vertical 
distribution of chemical constituents (%) in bluebunch wheat- 
grass in two communities during May, 1977. 


Fall Artemisia tridentata Pseudotsuga menziesii 
Treatment bo by b, bo by bo 
Nitrogen 
Co sa -0506 -.00032 -48 -0447 -.00028 
Cl 91 -0298 -.00015 -60 -0338 -.00020 
B 123 - 0307 -.00021 wee -0304 -.00013 
Calcium 
Co me is) -0012 -.000007 220 -0005 -00001 : 
CE eZ. -.0023 - 000028 «LS -0008 -000005 


B ys -.0002 - 000002 7200" 7 O02) - 00004 


Phosphorus 


Co 0 .0020 -.000002 223 .0015 -—.000003 
CL Lely | .0004 .000007 -20 20032) 2000023 
B +32 .0004 .000002 .26 0011 .000003 
Magnesium 
Co .08 <0012>. -—- 7000004" .10 .0001 .000006 
rene S15) #20015 000022 aa .0004 .000002 
B “181 —.0014 .000011 5L2> ae 008 .000020 
NDF 
Co 7323 Sal 95 00051 69.4 -.210 .00106 
Cl 71.6 -.042 -.00130 6722 -.065 -.00041 
B 67.0 -.048 -.00051 65.3 -.018 =200127 
ADF 
Co 52.4 -.394 .00231 46.4 =, 275 .00157 
Cl (Aa pers| =, 238 00111 43.6 .056 -.00228 
B 43.4 ae .00063 42.5 = 12% -.00027 
Lignin 
Co 9582. .—.1366 .00052 4.28 .0243 -.90030 
Cl 6.34. -.1000 .00077 pcs ents i .00163 
B 7.09 -.1854 00162 3041. .0073 -—.00026 


, b, Y-intercept and the first and second partial regression co- 
: efficients, respectively, of quadratic equations describing 
vertical change in the plant. 
Co Control; Cl Clipped; B Burned. 
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Pseudotsuga menziesii 


20 40 60 80 0 20 40 60 60 


PERCENT HEIGHT FROM BASE [1.5 cm above ground) 


The vertical concentration (%) of nitrogen, phosphorus and 
NDF, in.bluebunch wheatgrass from three treatments (control, 
sot Be Oo ; burn,—-—) and in two communities during May. 
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The elements, nitrogen, calcium, phosphorus and 
magnesium increased and the fibrous components, NDF, ADF and 
lignin decreased with increasing plant height (Tables 12 and 
13) and from plants of the control to plants of the burn 


treatment (Table 12). 


The treatment effects were reduced from the first year 
(Table 14). This was particularly evident in the bottom 
segment where few significant (P<0.05) differences occurred. 
The reduced treatment effect was also associated with less 
consistent response among treatments. In the first year, the 
chemical gradient changed from the control to the burn 
(Table 12). In the second year, however, the graze treatment 
was represented by either the high or low chemical value in 
the majority of comparisons (Table 14). The diminished 
treatment effect was also reflected in a greater similarity 


of regression equations among treatments (Table 15). 


4.3 Discussion 

The ultimate criteria for measuring forage quality is 
consumer output normally measured as red meat produced. 
Direct measurment of output is prohibitive because it is 
costly, time consuming and the results have a narrow range 
of applicability. For example, red meat produced will vary 


with species and even breed of animal. Consequently, most 


attempts to quantify forage quality rely on measuring 
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Table 14. Second year effect of fall clipping or burning on the 


chemical constituents (%) in the upper (4th and Sth) and 


lower (2nd) segments of blueb 
unch wheat 
communities during May, 1977, atgrass in two 


a ee 


—____Fall treatment Anova 
Community Segment Control Clip Burn Source df ss F 
ee es ee ee 
Nitrogen 
At Top 1.99f£ 2.08£ 2.04f Treatment 2 -28 22.4% 
Bottom 1.46be 1.53bed 1.59cde Segment 1 2.49 390.2% 
Communit 7 62 98.0* 
Ps Top 1.69e 2.04f 1.64de TxsS id 2 03 2.2 
Bottom l.lla 1.44b 1.20a TxC 2 -18 14,1* 
SxC 1 002 3 
TxSxC 2 -002 ol 
Residual 24 215 
Calcium 
At Top -2la 27be -29¢ Treatment 2 -008 4.3% 
Bottom -20a -24abe -28c¢ Segment 1 -000 -0 
Community 1 -002 1.9 
Ps Top - 25abe -28e -22ab Txs 2 -004 rap 
Bottom - 24abe -24abe - 24abe TxC 2 012 6.8* 
SxC 1 000 34 
TxSxC 2 001 3 
Residual 24 021 
Phosphorus 
At Top -36f -35ef o37f Treatment Z -002 1.81 
Bottom - 28cd -3lcde -32def Segment 1 -024 41.3* 
Community 1 -056 98.4% 
Ps Top ~eDe -27be -28cd Ts 2 -001 8 
Bottom -22a -23ab -23ab TxC 2 -000 SP 
Sx 1 .000 5 
TxSxC 2 -000 4 
Residual 24 -014 
Magnesium 
At Top -l6e LoL -l6e Treatment 2 -0002 1.0 
Bottom -13cd -l5de -15de Segment 1 -0047 33.6% 
Community 1 -0191 137.7% 
Ps Top -12be -13cd -llabe TxS 2 0907 fae. 
Bottom -10ab 09a -10abd Txc 2 -0007 2.6 
? Sxc 1 -0000 w2 
TxSxc 2 -0000 ai 
Residual 24 003 
NDF 
At Top 66.1be 61.1a 67.0cde Treatment 2 53.7 9.7% 
1 104.7 37.6% 
Bottom 69.8e 66.4bced 68.2cde Segment 5 
Community 1 7.6 2.7 
2 19.8 3.6% 
Ps Top 67.5cde  63.8ab 65.7be TxS 
Bottom 68.6cde 69.4de 69.0de Tx 2 L773 = fap | 
SxC 1 -0 -0 
TxSxC 2 8.4 1.5 
Residual 24 66.6 
ADF 
2 18.4 5..6* 
At Top 39.9a 39.3a 41.2abc Treatment 
Bottom 43.8d 42.0bcd 43.8d Segment 1 68.9 42.0% 
Community 1 2.0 1.2 
Ps Top 40.2ab 40.4ab 42.1bed TxS . ae 
: 42.8cd 44.34 TxC : * 
Bottom 43 .1cd c ec 1 fa "5 
TxSxC are ay oil 
Residual 24 39.4 
Lignin 
At Top 4.50a 4.40a 5.63a Treatment 2 aos} 1.9 
Bottom 3.93a 3.73a 5.06a Segment 1 4 oe | 
Community 1 4 3 
s 2 ez 4 
Ps Top 4.02a 4.06a 4.43a Tx 
4 5.20a 4.638 TxC 2 3.0 Kp | 
Reeser rae sxC rar Peres 1.0 
TxSxc 2 265 ao 
Residual 24 33.9 


a-g Mean chemical constituent with same letter within analysis do not 
differ significantly (P > 0.05). 

* Significant at P< 0.05. 

At Artemisia tridentata; Ps Pseudotsuga menzicsii. 
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Table 15. Second year effect of fall clipping or burning on the vertical 
distribution of chemical constituents (%) in bluebunch wheat- 
grass during May, 1977. 


a a a ee re GO oe ee Oe eee Sey 


Fall Artemisia tridentata Pseudotsuga menziesii 
Treatment bo db, by bo b) db, 
=e a ee oe, ie eee Lr ee ee ee ee 
Nitrogen 
Co 38 TO459 -.00032 eS -0364 -.00022 
Gl -49 .0376 -.00022 24 -0476 -.00032 
B rae | -0407 -.00028 19 -0428 -.00031 
| Calcium 
Co .-09 -0042 -.000035 -07 -0070 -.000060 
GT 725 -0032 -.000022 -16 - 0030 -.000018 
B a7 -0042 -.000035 -09 -0071 -.000068 


Phosphorus 


Co S20 - 0030 -.000013 -08 «0055 -.000039 
Cl ae -0031 -.000017 -14 -0035 -.000023 
B Bard .0038 -.000024 3 -0038 -.000024 
Magnesium 
Co 09 -0010 -.000002 or O4 -0023 -.000017 
CL Bl eS -0004 - 000003 nOe, -0007 -O0O00001 
B -09 -0025- -.000021 -04 -0025 -.000021 
NDF 
Co 1252 -.096 -00024 TSeu -.397 -00364 
Cy T2e5 -.246 -00129 13a —-.086 -.00036 
B 80.5 -.471 -00384 Tis5 -.086 ~-OCOL7 . 
ADF 
Co 46.8 -.091 -00006 48.9 -.239 -00163 
cL 45.8 -.116 .00046 48.0. -.189 -00118 
B 47.4 -.142 .00080 4725 -.105 -00048 
Lignin 
Co S2oL -.076 .00075 hou -.187 -00189 
Cl 657, -.151 .00154 5.98 -.066 -O00051 
B 4203 O22 -.00004 5235 -.070 -00065 


b. Y-intercept and the first and second partial regression co- 
2 efficients, respectively, of quadratic equations describing 
vertical change in the plant. 
Co Control; Cl Clipped; B Burned. 
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properties which are indirectly related to consumer output. 
Mott and Moore (1969) define forage quality in terms of its 
nutritive value and quantity consumed. The nutritive value 
of forage is described, in turn, by its chemical 
composition, digestibility and nature of digested products. 
It can be seen that the chemical properties reported in this 
paper are considerably removed from the ultimate measurement 
of forage quality. They may, however, be used as an index to 


compare forages and to predict benefits to the herbivore. 


The first year effects of burning raised the mineral 
concentration and decreased the proportion of cell wall in 
the foliage both in April and May. Daubenmire (1968) cites 
published information on warm Season grasses showing similar 
responses to burning. The effect has been suggested to be 
caused by an enrichment of soil nutrients from the ash, an 
increase in microbial activity releasing greater quantities 
of nutrients into the soil and an increase in root activity 
causing greater uptake of nutrients (Mes 1958, in Daubenmire 
1968). Burning has also been reported to increase the in 
vitro digestibility, crude protein and phosphorus content of 
native range in Arizona (Pearson et al. 1972) and crude 
protein in bluebunch wheatgrass (Uresk et al. 1976) 

Mineral and fiber constituents in plants of the clipped 
treatment (first year after treatment) were often 


intermediate to those of the burn and control. In an earlier 
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study (Willms et al. manuscript in preparation) higher 
mineral but lower cell wall constituents were observed in 
the March and April samples of fall grazed plants than in 
fall ungrazed plants of bluebunch wheatgrass. These results 
were Similar to the April samples of the present study but 
differed from the May samples largely in the cell wall 
components. 

The treatment effect persisted into the second year 
(Tables 11 and 14) although spring grazing was imposed in 
the year prior to sampling. Visual examination of the April 
data (Tables 10 and 11) shows consistency in the trends for 
concentration of nitrogen, phosphorus, magnesium and the 
fibrous components, among treatments and segments. In the 
May data, however, several noteworthy changes occurred 
(Tables 12 and 14). First, the treatment effect was markedly 
reduced for all constituents. Second, the order of magnitude 
for nitrogen shifted to favor greater concentrations in the 
clipped forage. Third, the order of magnitude for NDF 
shifted to favor smaller proportions in the clipped forage. 

The effect of differing grazing behaviors between deer 
and cattle on plant chemistry is not clear. Although cattle 
remove mature foliage and deer leave it, post-grazing 
regrowth created a similar environment among treatments in 
the next year. The effects at that time were, therefore, 
believed to be residual from the treatment and time of 
grazing. 


Comparisons of treatment effects on the concentration 
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of chemical constituents between habitats should not be nade 
because of the delay in sampling time. It is evident, 
however, that the nutrient distribution within the plant and 


among treatments were similar. 


Factors affecting the vertical distribution of chemical 
constituents are the length of internode on the culm, the 
variability among tiller lengths within a plant and the 
stage of phenological development. The internode length 
affects the distribution of leaves on the tiller and the 
proportion dry matter of leaves to stem. Thus, chemical 
variation between them affects the vertical distribution of 
chemistry in the tiller and in the plant. Phenological 
development affects the distribution of chemistry by 
defining the length of internodes, thereby determining the 
culm to leaf ratio, and the sites of nutrient accumulation 
and depletion. Nitrogen, phosphorus and magnesium accumulate 
at sites of meristematic activity which occurs in the tiller 
primarily at the apex and base of new leaves. Since new 
leaves originate at the apex, the chemical gradient is 
reinforced 

The fibrous components of the plant, NDF, ADF and 
lignin, decrease with increasing piant height in relation to 
decreasing tissue maturity and decreasing culm to leaf 


ratio. The secondary wall of the plant cell is formed after 
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cell enlargement (Allinson 1969), hence formation is 
directly related to maturity which decreases with increasing 


plant height. The leaves have less fiber than the stem in 


bluebunch wheatgrass. The culm to leaf ratio decreases with 
increasing plant height as a result of shortening 
internodes. The method of dissection also contributed to 
this relationship. Since the leaves were held parallel to 
the culm, their proportion of dry matter increased and, at 
the top, was the only material represented. 

Deviations from the general distribution of fibrous 
constituents in the cell occurred mainly with lignin. 
Although sample preparation and analysis may be faulted, 
other sources of variation were also present. One was the 
variable development of inflorescence and their contribution 
to the sample. Another was the proportion of plant parts 
represented in each segment. For example the segment 
containing the basal portion of leaves, with meristematic 
tissue, would be newer material than further up the leaf. A 
third variable was the interaction of nitrogen with lignin 
formation. Reid et al. (1967, in van Soest 1969) report 
greater lignification in sudan grass (Sorghum wulgare var. 
nutritive benefits of higher nitrogen levels. Similar 
observations on ryegrass (Lolium sp-) have been reported by 


Deinum (1966a, in van Soest 1969) - 
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The effect of the fibrous constituents on dry matter 
digestibility (DDM) have been described by van Soest (1967) 
in the equation: DDM = .98(100-x)-12.9+ X (1. 473-0.78910g L) 
where X is percent NDF and L is the percent lignin in ADF. 
According to this equation the digestibilities among 
segments tended to decrease with increasing plant height. 
Only for samples taken in May, (first season after 
treatment) from the big sagebrush community did 
digestibility increase consistently among treatments to the 
fourth segment. 

The significance of these changes are difficult to 
assess. Certainly, the predication itself is fallible for 
intra-plant comparisons since not only lignin content but 
also the distribution of lignin in the plant cell affects 
dry matter digestibility (Allinson 1969; van Soest 1969). 
Although no evidence was found in literature, differences in 
lignin distribution between the cell of a culm and leaf 
should be expected because of their different structural 
function. 

On the basis of information available, a well defined 
digestiblity gradient within the plant cannot be 
established. In the April samples, a gradient of decreasing 
digestibility with increasing plant height is reasonable 
since the tiller apex is near the ground level and the leaf 
tips are the oldest plant parts. By May the tillers have 
elongated and the youngest, less fibrous plant parts are at 


the top, thus resulting in a gradient of increasing 
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digestibility to the plant apex. 


4-3-3 Importance of Chemical Change on the Herbivore 

Fall grazing or burning tended to improve forage 
quality although benifits to the herbivore are doubtful. 
Minerais were often similar among treatments near the top.of 
plants (Tables 10,11,12,14) and, in most cases, adequate 
throughout the plant for all classes of livestock. The 
effect of fall defoliation on the animal, through chemical 
change, was most important near the base of the plant. 

Fall grazing or burning had a negligible effect on the 
nutritional status of deer in April and cattle in May. NDF, 
which gives a good prediction of voluntary intake (van Soest 
1965; Rohweder et al. 1978), varied slightly, and with no 
consistency, among treatments in April (Table 10). Voluntary 
intake by cattle may be expected to increase slightly from 
the control to the burn treatment. The predicted increase 
(van Soest 1965) is from 60 to 63 gm/kg body weight’5S where 
the choice is from the top of the plant and from 51 to 60 
gn/kg body weight75 where the choice is from the bottom of 
the plant (Table 12). 

Crude protein (%N x 6.25) requirements of deer can be 
met by selective feeding from all treatments. Verme and 
Ullrey (1972) suggest that 17% crude protein is adequate for 
growing fawns and lactating does. This requirement was not 
met in the control and clipped treatments below 40% of plant 


height in the Douglas fir community and below 20% of plant 
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height in the big sagebrush Community (Table 10). By 
comparison, the maintenance requirements for beef cattle 
(N.R.C. 1970) could be met by all green forage. However, 
predicted crude protein intake is 2.3 gm/kg body weight75 
greater in burned plants than in control plants. This would 
permit a daily weight gain of about .25 kg in young animals 
(N-R.C. 1970)> 

Carlier et al. (1976) have developed linear 
relationships for ryegrass (Lolium multiflorum and L. 
perenne) between percent digestible crude protein (Y¥) and 
percent crude protein (X) in the equation: Y=. 84X-2.43. This 
implies a digestion coefficient that varies in a curvilinear 
manner, increasing from low to high levels, with the percent 
crude protein in forage. If ryegrass and bluebunch 
wheatgrass are similar, according to this equation, crude 
protein in the lower segment of the control plant was about 
24% less digestible than crude protein in the same position 
in the burned plant (Table 12). 

The concentrations of phosphorus and magnesium were 
adequate in forages of all treatments to meet deer and 
cattle requirements (Tables 10,11, 12,14). Calcium, however, 
was generally deficient in forages the first year after 
treatment. The calcium and phosphorus requirements for 
(Ullrey et al. 1973) and .28% (Ullrey et al. 1975) 
respectively. The same requirements for lactating cows are 


.28% and .23% repectively (N-R-C. 1970). The calcium 
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deficiency contributed to a ratio of calcium to phosphorus 
that was below the minimum recomended level of 1:1 for both 
domestic livestock (Maynard and Loosli 1969) and 


white-tailed deer fawns (Ullrey et al 


1973). Burning 
increased the concentration of both calcium and phosphorus. 
Burning also tended to increase the ratio of calcium to 
phosphorus but not sufficient to meet the minimum 
requirement. 

According to the equation by Waldern (1972), all 
forages had adequate digestible energy to meet the nost 
stringent animal requirements. Digestible energy did not 
appear to vary among treatments in April (Table 10) and 
varied moderately among treatments in May (Table 12). The 
difference in April should not affect voluntary intake of 
digestible energy in deer (Ammann et als 1973) and in May 
affect a maximum change of 1.9 Kcal/Kg75 in cattle (from 


information provided by van Soest, 1965 and Waldern, 1972). 
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Se FORAGE PREFERENCES AND FORAGING STRATEGY 


2-1 Methods 
i First Year after Treatment 

Four selection trials, two in each community were made 
With deer and four with cattle. The trials with deer were 
made in April (1976) and those with cattle were made in May 
(1976). The trials with both deer and cattle were conducted 
in a Similar spatial and chronological order. The first 
trial was made in the big sagebrush community and the 
second, following within one week, was made in the Douglas 
fir community. The procedure was repeated in one or two 
weeks to conclude each set of trials. The same three animals 
were used throughout. The deer were two adult does and one 
juvenile buck while the cattle were all adult females. 

The plots of every trial were arranged in a 3 x 3 Latin 
square with four squares. This design was used to provide 
the necessary replication while constraining the maximum 
number of consecutive plots, with the same treatment, to 
two. Plot dimensions were 1.25 m x 5 m for the deer trials 
and 2.5 m x 10 m for the cattle trials. The dimensions of 
each square in the deer trials was 3.75 m x 15 m and for the 
cattle trials 7.5 m x 30 m. The squares were positioned so 
that the total dimensions were 15 m x 15 m for the deer 
trials and 30 m x 30 m for the cattle trials. For the deer 
trials, the plot perimeters were enclosed with fishnet to a 


height of 1.75 m according to the method described by Willims 
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et al. (1978). The cattle sites were surrounded with a 
3-stand barbed wire fence. 

Clipping and burning were done in October, 1975. 
Clipping was done with a rotary lawnmower and electric 
powered sickle. The latter tool was used in areas 
inaccessible to the mower. The stalks were allowed to lic 
where they fell. Burning was done when the relative 
humidity, measured at the Kamloops airport, averaged 42% and 
the temperature averaged 9.8°C. These weather conditions 
permitted good control of the fire although individual 
plants had to be ignited. This was done either by spreading 
burning embers or lighting with a kerosene fueled drip 
torch. 

Selection trials in the spring were preceded by a 
conditioning period of one week. Deer were piaced in 
enclosures adjacent to the trial while cattle were permitted 
throughout the conditioning and trial periods. A pelleted 
ration (Buckerfields Dairy Ration), consisting of oats, 
barley and corn with soybean and mineral supplement, was 
provided the deer during the conditioning period. The ration 
was removed the night prior to the trial. Regelin et al. 
(1976) found that feeding a supplement to tame deer did not 
affect their selection of native forage. 

Forage selection was observed by both direct and 
indirect methods. Direct observations were made by one 


observer, with tape recorder, assigned to each animal. The 
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tape recorder was engaged while the animal was searching and 
ingesting forage. The number of bites from each forage 
species were recorded by plot. A bite was counted each time 
forage was prehended and removed. The time spent feeding in 
each plot was measured when the tapes were transcribed. The 
animals were observed at three discrete periods in every 
trial. Thus each period of observation yielded information 
on animal response to the treatments at varying levels of 
utilization. The time and duration of each period was 
dictated by animal activity. The first observation of every 
trial began about 7:00 a.m. when the animals were introduced 
into the study area. Intense feeding for about one hour in 
early morning was followed by a period of rest. Feeding in 
late morning and afternoon was sporadic, lasting for 15 to 
30 minutes. The period of observtion was extended to 
accommodate a single individual who was feeding, or 
contracted when all animals were inactive. 

Indirect observations of forage utilization, selection 
and relative preferences were made only on green forage of 
bluebunch wheatgrass. Permanent 1-m? sub-plots were 
established in each plot. Single sub-plots were centrally 
located in one randomly selected quadrat on the deer plots 
and one in each half of the cattle plots. The latter 
approach reduced the time for relocating the sub-plots. Ali 
bluebunch wheatgrass plants were mapped onto a grid and 
measured one day prior to the start of the trial (Survey 0). 


Plant measurements consisted of the circumference hear 
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ground level and an estimate of plant height taken as the 
average of the tallest tillers. Surveys to estimate 
utilization were made two or three times during the trial. 
One survey was made after each period of direct observation. 
Utilization estimates were made from measurements of 
residual tiller length and estimates of the proportion of 
plant area grazed. 

In order to relate plant measurements to dry weight, 
polynomial regressions of weight to plant volume and percent 
accumulated weight to percent accumulated height were 
calculated from 20 or more control plants. The plants were 
selected according to size, shape and basal uniformity. The 
bases of selected plants were round and tillers were 
distributed throughout. The circumference and height of each 
plant were measured, as above, by the same person to reduce 
variation. The plants were then clipped at 1.5 cm, sorted 
according to mature and green forage, dried at 65°C and 
weighed. The majority of intact tillers were then aligned at 
the basal end and segmented into five parts, according to 20 
percent of the measured height less 1.5 cm. The parts were 
dried, weighed and converted to percent of total weight of 
all parts. 

Plant volume was calculated as a cone. Regressions 
describing plant weight (Yv wt.) on plant volume (Xv) and 
proportion accumulated weight (Yh wt.) on proportion 
accumulated height (Xh) were tested for significance 


(P<0.05) to the 3rd degree polynomial according to Goulden 
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(1952). The X and Y coordinates of 0,0 and 1,1 were entered 
with each data set thus forcing the regressions near those 
points. Definition of the 0,0 and 1,1 coordinates justifies 
their membership in the data set. 

The initial weight of green bluebunch wheatgrass in 
each sub-plot was estimated as: Smeets where Ywt.i is the 
weight of the ith plant in the pee having n plants. 
Residual forage at survey j in each sub-plot was estimated as: 

y tywt.i AeYpawtoLj tel (Yet .i) =o (Yubtictkexpetteigy) * 
((100-xa ij) /100) J], where Yp wt.ij is an estimate of the 
proportion weight of plant i remaining at survey j. and 
modified by the percent proportion of plant area (Xa ij) 
which was grazed at survey j. Utilization in each sub-plot 
at the first survey was estimated Sembee eed 
i,j=1) and utilization at each wiupiiaee poe j=1 to j=n-1, 
thereafter ass See ene i. j-residual i,j+1) where mis 
the total nner wee surveys made. 

Forage selection was expressed, in percent, as the 
weight utilized from a treatment to the weight utilized from 
all treatments. Relative preference of each forage class was 
calculated as the proportion utilized divided by the 
proportion available. The proportion utilized was the 
guotient of the forage selection term and was estimated for 
between surveys j and j+t1. The proportion available was 
estimated from survey j (survey j increments by 1 to m-1).- 


The time required per bite was estimated from the total 


number of bites taken from all forage species and from the 
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total time the animals were actively foraging. Separate 
calculations were made for each treatment. The weight per 
bite was estimated only for between surveys 0 and 1 since 
the bite count for this period was virtually complete. The 
weight was an estimate of total utilization from the plots 
of each treatment. In addition, an estimate of the weight 
per bite relative to the control could be made for each 
additional observation despite an incomplete count. This was 
done with the assumption that bites not counted were 
distributed in the same proportion among treatments as those 


that were counted. 


2 Second Year after Treat ment 

Observations in the second year after treatment (1977) 
were made in the same months and at the same sites as in the 
first year, with one exception. Constraints on time and 
increasing irritability among animals prevented observations 
to be made on deer in the Douglas fir community. 
Furthermore, personal cbservations on free ranging deer have 
shown that the treed communities on the lower ranges were 
occupied primarily for their cover qualities while the open 
communities were occupied for their forage qualities. These 
conditions minimize the importance of a clipping or burning 
effect in the second year after treatment. 

The sequence in which the trials were made was modified 

from the first year. Rather than alternating between 


communities and dispersing them through the month, a 
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duplicate set of trials in each community was made 
Simultaneously or in immediate succession. The trial sites 
for deer were contiguous which enabled them to be combined. 
The trial sites for the cattle were separate and 
observations at each were made individually. 

The second year treatment effects were studied using 
four animals of each species. The cattle were yearling 
females while the deer were one and two year old, males and 
females. The animals were conditioned for several weeks in 
enclosures adjacent to the sites. They were provided water 
ad libitum and the deer were also provided with a pelleted 
ration (Buckerfields Dairy Ration). The ration was removed 
one day before the trial. 

Forage utilization, selection and relative preferences 
were observed indirectly on the plant as in the first year. 
The deer and cattle were observed both for a total of four 
days in the big sagebrush community and the cattle were 
observed for a total of three days in the Douglas fir 
community. 

Estimates of availability and utilization of green 
forage were made as described earlier. Calculations of the 
relationships of volume to weight and of height to weight 
were modified, somewhat, by describing plant volume as a 
cylinder and by forcing the regression lines through the 
lower and upper coordinates by statistical methods (Greig 
and Bjerring 1977)- These calculations were made for plants 


from each treatment (Part I, Section 1). 
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Availability, but not utilization, estimates were made 
for one year old weathered forage. Weathered forage 
represents the post-grazing regrowth in the first spring 
after treatment. It was assumed that deer did not utilize 
this forage. Consumption of weathered forage by cattle hay 
be estimated by assuming it was utilized in the same 
proportion, of initial plant weight, as green forage. Sone 
utilization estimates of weathered forage were made and 
correlated with the utilization of green forage to test that 
assumption. 

Treatment differences of availability and utilization 
parameters were tested using analysis of variance. The 
Variation was partitioned according to Federer (1955) for a 
Latin square design having more than one square. The rows, 
columns and squares were tested as a source of variation for 
bites by individual animals in observation 1, for the first 
year after treatment, and for the degree of utilization at 
each survey in both years. Duncan's multiple range test 
(LeClerg et al. 1962) was used to test for significant 


differences (P<0.05) among averages. 


Initial availability of bluebunch wheatgrass was 
similar among treatment in the deer trials (Table 16). In 
the cattle trials, however, availability in the clipped and 


burned treatments was less than in the control (Table 17). 
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Mid-April 
Grazing 


intensity? 


Control 


6.7 +0.9a* 


0.02+0.02a 
On2e+0 sla 
0.5 +0.1la 


2.0 


+0.2a 


0.01+0.00a 
0.1 +0.02a 


PE 


Effect of fall clipping or burning on bluebunch wheatgrass 
availability and its utilization by deer in relation to 
average grazing intensity in two communities during April, 


1976 (n=12). 


Burn 


Clip 


5.921.0a 4.4*0.7a 


2.4+0.5b 
Let O.2b 
0.7:0.la 


0.7+0.2a 
1.2+0.2b 
0.7:0.2a 


62 OnZza 


2a120.2a 


Onst021 beO0.o20.2e 
0.4+0.lab 0.6+0.2b 


Control 


Artemisia tridentata 


Available Forage 
0 Je2eticla 


Forage Utilized 


19 0.01+0.0la 
33 0.4 +0.la 
44 1.1 +0.2a 


Pseudotsuga menziesii 


Available Forage 
0 Sis 7/ BAllask 


Forage Utilized 
20 0.01+0.0la 
39 0.03+0.02a 


Clip Burn 
Telclesave .421e4a 


0.5+0.2ab 1.8+1.0b 
2.640.8b 2.8+0.5b 
TaltOo2a eels oHO sod 


3.6+0.4a 


3.020.428 


0.6+0.1b 1.0+0.4b 
0.4+0.lab 0.8+0.2b 


Late April 


Grazing 
intensity 


38 
29 


15 
ZF 


NN 


+ Calculated as: (Total utilization + Total available)x 100. 


* = gm/m2 + 


1 SEm. 


a-c Means in row, at each time, followed with the same letter do not 
differ significantly (P > 0.05). 
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Table 17. Effect of fall clipping or burning on bluebunch wheatgrass 
availability and its utilization by cattle in relation to 
average grazing intensity in two communities during May, 

1976 (n=12). 
Early May Late May 
Grazing Grazing 
Control Clip Burn intensity* Control Clip Burn intensity 
Artenisia tridentata 
Available Forape 
70.444.5c* 42.6¢5.3b 27.943.4a 0 88.648.3b 61.848.8a 47.5+10.la 0 
Forage Utilized 
Oa 14.8+3.2b 14.8%2.1b 21 1.6¢1.4a 24.743.8b 27.745.8b 27 
0.940.5a 6.941.6b 6.041.1b 31 8.0+2.4a 8.8+2.2a 9.8+3.0a 41 
25.443.2b 6.0%1.6a 2.2+0.8a 55 28.0% 3.3c 11.342.4b 3.5+1.0a 62 
Pseudotsuga menziesii 
Available Forage 
SSM ZY PASS SRISIE REN PIERS Pte 0 46.2+8.4b 21.624.8a 26.0:4.5a 0 
Forage Utilized 
0.220.la 18.022.3b 20.722.7b 43 0.0240.0la 13.1243.0b 16.522.9b 33 
4.840.9b 2.540.4a 3.2:0.8ab 55 0.740.3a 3.021.0ab 4.441.2b 42 
16.441.3b 2.140.4a 1.840.5a 78 23.823.9b 2.140.4a 2.540.6a 73 


a ee ee oe 


+ Calculated as: (Total utilization # Total available)x 100. 


*  gm/2m2 + 1 SEm. 
a-c Means in row, at each time, folloved vith the same letter do not 


differ significantly (P > 0.05). 
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Furthermore, bluebunch wheatgrass production in the big 
sagebrush community was less in the burned areas than in the 
clipped. 

Deer and cattle selected a greater proportion of 
bluebunch wheatgrass than of any other species (Tables 18, 
19, 20, 21). Deer also selected a large proportion of 
Sandberg's bluegrass as well as a variety of forbs. As 
bluebunch wheatgrass selection declined from observation 1 
to 3, Sandberg's bluegrass selection increased. Selection of 
forbs by deer appeared to decline in the big sagebrush 
community and to increase in the Douglas fir community fron 
observation 1 to 3. There was no evidence to indicate that 
selection of forages, other than bluebunch wheatgrass, 
differed among the burned, clipped and control plots. 

The only non-grasss forage selected in major 


ris) 


proportions by cattle was crazyweed (Oxytropis campest 
in the Douglas fir community. This forb was available only 
on that range and was readily selected from each treatment 
(Table 21). 

Individuals of both deer and cattle selected bluebunch 
wheatgrass among treatments in a similar manner during the 
first observation (Table 22). Generally, the number of bites 
taken from each treatment increased from the control to the 
clipped to the burned. Differences between the latter were 
often not significant (P>0.05). 

Selection of bluebunch wheatgrass, determined by 


indirect measurements on the plant, closely reflected 
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selection based on bite counts. As grazing intensity 
increased, selection differences among treatments decreased 
(Fig. 7 and 8) and, for cattle, reversed in order of 
Magnitude (Fig. 8). Deer were extremely reluctant to switch 
from a preferred forage to one less preferred CF 1g. 7). 
Utilization was about twice as high on bluebunch wheatgrass 
from the burned treatment than from the clipped treatment 
yet the proportion selected was similar. Deer switched from 
grazing the clipped plants to the control plants in late 
April at 55% grazing intensity. At this point the degree of 
bluebunch wheatgrass utilization on the clipped and control 
plants was 60 and 30% respectively. 

Cattle selected similar proportions of bluebunch 
wheatgrass from the clipped and burned treatments at all 
levels of grazing intensity (Fig. 8). Switching from the 
treated to control plants occurred between 40 and 55% 
gtazing intensity. This point occurred, in the big sagebrush 
community, when clipped and burned plants were utilized 55 
and 75% respectively and, in the Douglas fir community, when 
clipped and burned plants were utilized 70 and 80% 
respectively. 

Deer showed greatest relative preference for bluebunch 
wheatgrass from the burned treatment at all levels of 
grazing intensity (Fig- 7). Relative preference for the 
control increased gradually with increased utilization. 
Cattle responded in a similar manner as deer but with 


variation (Fig. 8). Cattle showed less contrast in their 
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Figure 7. 


First year effect of fall treatment (control,——; clip, 
burn,—-—) on the utilization, selection and relative prefer- 
ence of bluebunch wheatgrass by deer, relative to total util- 
ization from all treatments in two communities during May, 
1976. Utilization differences between treatments that have 
different letters are significant (P <0.05). 
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Figure 8. 


First year effect of fall treatment (control, 3; clip,-----3 
burn,--—-) on the utilization, selection and relative prefer- 
ence of bluebunch wheatgrass by cattle, relative to total 
utilization from all treatments, in two communities during 
May, 1976. Utilization differences between treatments that 
have different letters are significant (P< 0.05). 
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relative preferences for clipped and burned plants; control 
plants were preferred relatively more as other forage 
disappeared. 

The average time per bite of forage was, generally, 
highest in the control and least in the burned area (Tables 
23 and 24). This relationship did not appear to be affected 
by the level of utilization. 

The weight per bite of bluebunch wheatgrass was 
affected by both treatment and level of utilization (Tables 
23 and 24). The weight per bite from the control was 
insignificant relative to the weight per bite from the 
Clipped and burned treatments. For deer, this ratio was 
approximately 1:6 for the clipped treatment and 1:12 for the 
burned treatment. The ratio between the clipped and burned 
treatments was approximately 1:2. For cattle the weight per 
bite ratio from the control to the clipped and burned 
treatments was about 1:5 in two trials, 1:4 in one trial and 
1:1 in another. The weight per bite relationship between the 
clipped and burned treatments was not consistent among 
cattle trials. On the contrary, a bite from clipped 
treatment was larger in the big sagebrush community and 
smaller in the Douglas fir community. 

In the deer trials, the weight per bite relative to one 
another tended to equalize as grazing intensity increased. 
In the cattle trials, however, a reverse situation developed 
where a bite from the control plants was from 2 to 10 times 


heavier than a bite from the clipped and burned plants. 


a 
% 


'% 


a) i 
. x 4, 
\ 
‘9 
“— 
i) i a * 
mw £1 
< 4 ka 
i i } t ‘ 
> ! 4 
iit 
ig is) 
fates 
” ay 
a, 
~ > a a 
a 7 . i 
- 4 
7 
' ne 
m F 5 
1 
Poy sacar 
To ae i 
ie awa) ia 
oS aie: ‘ 


ie ¢ wo 8 be | sound bye Bagarts Sa Sacamias 


Ss 


" ‘4 190 So ae 7 wovkie. ea) Beans 


SG ne a a of }. a ai 
Sk ei Pee er aoe eee 
7 Le ee y 
F i} his iy jig gt te : a . 
i ay wR! ' 
i 4 ie hae y ! ; Dy, 
: ri iB, 


A ' u 7 : naa 
ne My (ne na 7S) aT 4A ‘ae : 


‘ ee ; 4 ike 


- yA 


t id on Th a bee ral : 5 it : 
aa Naa it , Me ut fan A en 
$40. ~ab¥ ied ta 422d den: Sats, ap sath 
rt . nl oe a : af a. : A Ne 
satted ott ont Hepat Was Lect, oe Ls 
\y Y ; o , firs 
“od 7 Beats fou he 
a! wo bape ae ~ 
1 jit 64 TW oy oi ats) oe ae 
orreaell tga t0 Logel page Prey: 682 7 . 
i » + + +r) ba, & i 2 tm o. 7 £05} 
nh 
} te an THoOLGY 4i°9 
‘ ee ly in 
2ihjF \tash a ah onde zh, ban it 
“| Homteoa4 Bary es) aah, eh et, we 
\ b “ a i 1 
ma. Bsagiio 4A3° aeawied cider, oad are oa 
f a A ' ‘ - : Ti a 
yy” edt of tias dom. Set + Ba Lx by | on8 saw" 


dae S11) alg bSqykits 122 os coxa ante — 


ad gidedoielex ‘atid tag. td iptiow: Aer oad es 
; : ’ a oth) fe 
is. Sossekeud Tact asp = 
eps >. THES 
etn sepa (lea 29 eisid pane: . 
aa a) atic 
p > ce my Oy of, avy 7 at, i te, ae a caine TT od bobs B. 
. ae 
olteu $e sat) av aa s castaven | “y@kee Mt Od 8 e 


ot S moat ania ‘waaay ion 
yt ote bona hae hoagie 2 


Flas bois 


a 


ob 


*ssei3jPeUuA Younqantqd jo 33Fq A9d AYysTamM » 


*saBe10J T[B AOZ aBer9sae saitgq 4 
a a a a nl tc ic iin nace 


em 8 MTG uoFIeAIBSqO jo 
ajnutu red saqtg 

a 6 9T°? 8°9T ¢90° £8°T uang 
9°L €0°Z 9°8T ZL0° 1 Sm dtT9 
O°T © a4 O25 700° 86°T Torzquog 


[yady a3e] Fy FseFZzueu eBnsjopnesg 


¢°OT ou UOFIBAIGBGO 30 
eajnutm zed seqtg 

Gary 66°T 9°9 ZL0° 6S°T uing 
GY 9L°T o°? L£40° 68°T dtT9 
Oct 87°? OT TTO° RTA TorzqUOD 


Ifady-pIN T}sefzuewm e8nsjopnosg 


€°oT 0°9 %°*TT uoftIBAIISqGO jo 

ajnuym zed saqtg 

99° 9T°? TY 69-6. 8° *9T 8TZ° G8°?C uing 
"4° Se°z B°L 80°2 €°9 €60° 6e°€ dtT9 
O°T 89° O°T 60°€ O°T STO° €6°Z TorquoD 


Trady 228] B8IBIUePTIQ BTSsTmejIy 


€°s8 Cot O°eT UOoFIBAIIEGO JO 
aqynutm zed saitg 
o°? pA ESS 8° 9T°? c°OT SOe* S9°T uang 
1aarA 60°2 9°T €6°T $°9 68T° T92t dtT9 
O°T €8°T O°T OT’? O-F 620° 37 a | To1rqUoD 
THAdy-PTH B2BIJUepPFI epSTwejIy 
[o1qUoD 02 a3tq [OA}UOD 0} 33Tq [To1qUOD 03 PERE Te) 42379 
DAFIeTII °3M ° Jed *9ag BAFIETII *IM dad “dag BAFIVTII yx° IM Jed *suy zed °905 Que Be1y 
€ GO1lWdad NOILVAYASdO @ GO1lWdd NOILVAYASHO T GOLWad NOILVAYASHO 


Le 


"9/6T ‘TFAdV 
ZuzAinp set iyUNnuMoD om} uz (pofszed uofTeArIesqO 4SeT 0} JSAFZ BYR worz) Ajysusjyuy Buyze1a3 


aBZeAVAP OJ UOTIeTaI UT AVep Jo AoFARPYysq BuTZe10J oy. uo Bufuang io BZutdd;TS [Tez JO AeFTT "EC PTIPL 


NrHepRits 7 aces (esage* 


= 
> 


o matter tre gzis 2 


gts 


z= 
= 


j heres 


en © — Eee Se RMS Te : 


ct ~~ pe 


» z _— eee 
An NT, LOE AA ANA A ON BAO ASA LALOR EDD arenes 


Rey 


Cu 


ee 4 


@pertic isos 


eae 
i 


whe tn ne 


n 
i 


SF 


2 
a 


— 
ys 
os 
_—- 


gtaee 
ae 


og apseeet es 


s 


+e 
> 


foes fer sz 


= 


92 


*sSBIZ2 RIYA YOUNGeNTQ JO BIFq red 3YZTIaM » 


*sa8BIOJ [TB AOJ eseIVaAe s2IT_ 4 


> 


€°€z 0°OT 9°97 uOoFIBAIISGO JO 

aqynutm zed saqtg 

L0°0 %6-T 9°2 £0°2 O2aL ¢8°T cca uang 
L0°0 96°T Pat Biot 2° 9S THT BST dtTo 
O°T 6S°7Z UF £9°7@ O25 to. Toad To1qUOD 

Avy aie] FTsezzuem e8nsyopnesy 

9° 6°9 . 9°%€ UOFIBAIIBGO 30 
eqjnutm aed saqtg 

€°0 CLoL o°? T8°T 9°49 17 Se5 LY°T uaing 
€°0 SL't al § tt"? 9° 6c°T VE °T dtT9 
O°T €97°C O°T 6L°% OT g¢e° 6T°? TorquoyD 


Avy ATieq FTsetzuem e8nsiopnasy 


6°2 8°¢€ °€Z UOTIBAIVBGO jo 
ajnuym aod seITg 

cul St°? 6° By er A 6° ceo ¢9°T uang 
$°0 6€°2 S° ds a oe ZU CL dtT9 
0°T SE°? Oat COG O°T 00°€ C17 To1qu09 


Aey a.e] wequaptaq BT stmeqiy 


$-T 9°72 8°OT UOFIBAIGBGO JO 
aajnutw zed saItg 
970°0 88°Z 97°C Z0°@ i hy rs OLe €6°T uing 
T°0 8S°? 8°? (5 Aa 4 6°€9 06°€ ef Sia § dtT9 
O°T 7S°T O°r 91°C Ort 90° 6L°T To2zqU0D 
Aew ATieq B82BUSPTIQ eTsTwajiay 

To1quOD 03 2374 TOIWUOD 03 33Tq TOIqUOD OF ¥29TQ 4299Fq 

BATIeTII °3M Aad “dag BAFIeTAI *3M Aad “dag @ATIETII x°IM = Aed “sug = = aAed *da5g quem) var] 
€ GOlWdad NOILVAYASEO @ GOIWdd NOILVAYASEO T GOIWdd NOILVAYASHO 


“9/61 ‘APN BUTANp set IFUNuMOD om, UF (¢€ Ysnor1yI T potaed uofjearesqo ut) Ajfsuajuy Buyzzeais 
aBeidAe 0} UOTIeTAaA UT 9TIIe9 JO AoOFAeYsaq BuUTZeLOF VY UO BuyUAng 10 SutddrtTo [legs JONI 22g 30 2° yee LIS 


2 


Bea: zee: st pyrite 


pee Tay ea 


> 


ae 


5 


ce 


Se i 


ESP s3 


"<s 


+ 
5 


=F 


te = A588 


LCE NS ue ma 


opetite tie 


4 2 
in 


| FO, 
rf “ ti mas 
WD one ; 


3s 
got 
me i 


ae 


ia 


a 
i 
ti 
h 
2 


wey 


ae 
<= 


te ecvetad? 
j 


tego rs 
7 


we | 
wt 
bine 7 ie ©) oe 
* 4 be = . as 
meray Ye ee F “4 oe 
¥ an 
a] 
\ 
eas ~ at hal ee % beet 
ow + ; | ee a “ oh ae co 
. i. en e Bo 
” wn pity (on PR ey 
4 
4 } 
i k 
i 
A ¥ vt Pe Phe , ” Sac) 
ye et WN Wnt Bey whey 
: oS a 8/y % 
ae Bers, ae Nhe SE Pw bre ae 
rs) ie: 
vd bo! 
th an 
pe] oJ Del 
ae . 
he " 


33 


Foliage height of bluebunch wheatgrass was similar 
among treatments in April, however, differences became 
apparent in May (Table 25). In the big sagebrush community, 
foliage of burned plants was shorter than foliage of clipped 
or control plants. In the Douglas fir community, plants of 
both clipped and burned treatments were shorter than foliage 
of control plants. 

Average stubble heights (+1 SEm), for plants of the 
clipped plots were: for the deer trials in the big sagebrush 
community, 6.2+.4 and 5.54.1 for mid-April and late April 
respectively; in the Douglas fir community, 7.1+.4 and 
&.74.-2 for mid-April and late April respectively; and for 
the cattle trials in both the big sagebrush and Douglas fir 
communities, 4.8+.3 and 6.2+.3 respectively. The values 
above 6 cm were Significantly (P<0.05) greater than those 
less than 5 cm. Burning reduced the stubble to an average of 
3.0 cm in the big sagebrush community and to 1.8 cm in the 


Douglas fir community. 


Second Year after Treatment 

Dry matter estimates of available weathered forage 
(post-grazing regrowth) and spring production are given in 
table 26. Estimates of weathered forage varied considerably 
among trials and treatments. In the big sagebrush community, 
weathered forage was most abundant in the control plots of 
the deer trials and in the burned plots of the cattle 


trials. However, in the Douglas fir community, yields tended 
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to be greater in the control plots. 

Available weathered forage was similar among treatments 
between the two cattle trials in the big sagebrush 
community. In the Douglas fir community, however, the burned 
and clipped plots of the trial grazed in late May had about 
35% less weathered forage than their counterparts of the 
trial grazed in early May. This trial x treatment 
interaction also existed, but to a lesser degree, with 
spring production. 

Although estimates of spring forage production did not 
differ significantly (P<0.05) among treatments in the big 
sagebrush community, there was a consistent trend for 
greater production in the burned plots. However, in the 
Douglas fir community, the control pilots yielded 
Significantly (P<0.05) more forage than plots of the other 
treatments. 

Deer selected a greater proportion of spring production 
from burned plots regardless of grazing intensity (Fig. 9). 
Bluebunch wheatgrass from control plants was used least over 
the entire period. Selection among treatments increased from 
the control to the burned treatment. Relative preference for 
bluebunch wheatgrass followed the same order. Relative 
preference for forage from the control was about one-half 
that for forage from burned plots. 

Cattle selected forage in a similar manner as deer but 
with less contrast among treatments (Fig. 10 and 11). The 


two cattle trials in the big sagebrush community represented 
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Figure 9. Second year effect of fall treatment (control,——; clip,----- : 
burn,—-—-.) on the utilization, selection and relative prefer- 
ence of bluebunch wheatgrass by deer, relative to total util- 
ization from all treatments, in the Artemisia tridentata comm- 
unity during April, 1977. Grazing was imposed the first spring 
after treatment. Utilization differences between treatments 
that have different letters are significant (P< 0.05). 
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Figure 10. 
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TRIAL 1 TRIAL 2 
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Second year effect of fall treatment (control,——; clip,-----; 
burn,--—-) on the utilization, selection and relative prefer- 
ence of bluebunch wheatgrass by cattle, relative to total 
utilization from all treatments, in the Artemisia tridentata 
community during May, 1977. Grazing was imposed the first 
spring after treatment. Utilization differences between 
treatments that have different letters are significant 

(P< 0.05). 
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Figure 11. Second year effects of fall treatment (control,——or @ ; 
clip,------ or A. 3; burn,—-—’or O ) on the utilization, selec- 


tion and relative preference of bluebunch wheatgrass by cattle, 
relative to total utilization from all treatments, in the 
Pseudotsuga menziesii community during May, 1977. Informa- 
tion from two trials are identified by lines and symbols. 
Grazing was imposed the first year after treatment. Utiliza- 
tion differences between treatments that have different 
letters are significant (P< 0.05). 
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different levels of grazing intensity (Fig. 10) but 
selection among treatments was similar. Forage from the 
control plots was selected least at all levels of grazing 
intensity. Forage from the burned plots was generally 
Selected in the greatest proportion. Relative preference of 
forage from the burned and clipped plots were similar. 
However, the clipped treatment was preferred at low levels 
of grazing intensity (Trial 1) and the burned treatment at 
high levels of grazing intensity (Trial 2). The control was 
preferred least throughout. 

Information from two cattle trials in the Douglas fir 
community complement one another (Fig. 11). In both trials, 
forage from control plots was selected most while forage 
from clipped plots was selected least. However, forage in 
burned plots was utilized to a greater degree than that of 
other treatments. Relative preferences among treatments were 
comparable, but the magnitude of difference was less than in 
the big sagebrush community (Fig. 11). 

The relationship between the utilization estimates of 
spring production (X) and weathered forage (Y) was linear, 
with a regression coefficient of nearly 1. The equations for 
this relationship, and their r?, were (a) in the big 
Sagebrush community: Y=4.4 + 0.94x, r2@=.89; (b) and, in the 


Douglas fir community: Y=-3.3 + -99X, r2=. 86. 
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Westoby (1974) and Ellis et al. suggest that the forage 
selection strategy of herbivores can be to optinize 
nutritional balance. This strategy describes, in part, the 
observations made on forage selection by deer and cattle. 

In the early stages of each trial, deer and cattle 
optimized both energy and nutrients by avoiding litter and 
by selecting burned plants in preference to clipped and 
control plants. The nutrient and energy status of litter is 
low. Standing iitter may have 0.3% nitrogen, 80% NDF and 55% 
ADF (Unpublished data). This compares with, approximately, 
3% nitrogen, 60% NDF and 35% ADF in young forage. On this 
basis, the predicted digestible energy content (Kcal/gm) for 
litter is 1.84 and for young forage, 3.23 (Waldern 1972). On 
the other hand, voluntary intake (gm/kg body weight75) is 45 
for litter and 63 for young forage (van Soest 1965). These 
values, derived for sheep and cattle, indicate that 
voluntary intake of digestible energy (Kcal/kg body 
weight75) would be 83 for litter and 203 for young forage. 
Nitrogen intake (gm/kg body weight’5) would be .14 and 1.9 
respectively for the same forages. The energy and nitrogen 
requirements for maintenance in sheep (N.R.C. 1975) and in 
Cattle (N.R.C. 1970) are adequately met by young forage but 
considerably deficient in litter. 


Earlier discussion (Chapter 3) indicated that predicted 
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dry matter, mineral and digestible energy intake in May was 
greatest for burned plants. Nutritional balance would, 
therefore, appear to be optimized by cattle selecting those 
plants in prefernce to forage from other treatments. 
Although deer displayed similar preferences, nutrient 
differences were less pronounced and predicted energy not 
consistently different among treatments in April (Table 10). 
This indicates that other strategies also play a role in 
forage selection. 

Evidence for another strategy, to minimize time of 
forage intake, comes from the relative dry matter capture 
rates (calculated as the weight per bite relative to the 
control, divided by seconds per bite; from information in 
tables 23 and 24). This assumes that the time required to 
take a bite of bluebunch wheatgrass from each treatment was 
proportionate to the time required per bite for both green 
forage and standing litter from that treatment. Consumption 
of standing litter may be predicted from observations made 
in the field by the author. Although deer may have ingested 
litter, that proportion would be minor. Deer were observed 
to select new growth from among standing litter. Cattle, on 
the other hand, appeared to utilize standing litter in 
proportion to new growth. Since the proportion of new growth 
to standing litter was about 1:1 in the big sagebrush 
community and 1:3 in the Douglas fir community, an estimate 


of utilization may be obtained by using the appropriate 


multiplier. 
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Generally, for both deer and cattle, the relative 
capture rate during the first period of observation was 
greater in the treated areas than in the control. This could 
not, however, account for the disparity in utilization 
between them. For example, in the deer trials the relative 
Capture rate ratio of the control to burn averaged 1:14 
while the utilization ratio of the control to burn averaged 
1:44. The corresponding ratios for cattle, adjusted for 
mature forage in the control, were 1:15 and 1: 100 
respectively. 

AS grazing intensity increased, the treatment ratios 
for relative capture rate and utilization tended to reverse 
from those above. Where a third observation for deer was 
obtained, the ratios had declined to 1:1.5 and 1:1.4 for 
capture rate and utilization respectively. The corresponding 
ratios for the third observation in the cattle trials were 
39:1 and 28:1. The ratio similarity demonstrates potential 
effect of capture rate on utilization; indicating greater 
importance of the time minimization strategy of selection as 
food became less available. 

Selection among treatments, in the second year after 
treatment (Figures 9 to 11) was similar as in the first year 
(Figures 7 and 8). The most obvious difference from the 
first was a decline in selectivity. This was particularly 
noticeable with cattle who demonstrated little or no 


preference for forage from either the clipped or burned 


plots. 
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Two factors thought to affect selection in the mee 
year after treatment were the presence or absence of mature 
forage and differences in plant chemistry. In the second 
year mature forage was present in all plants. In fact? 
tiller density was greater in plants on the burned plots and 
less in plants of the control (Chapter 3). Therefore, an 
hypothesis of forage selection based solely on the barrier 
effect of mature forage would be rejected by evidence from 
this study. Apparently plant chemistry was important in 
influencing selection although deer displayed reluctance to 
select forage from among weathered stalks where their 


density was high. 


The above discussion was general to both deer and 
cattle. Selection differences between the two were evident 
and may be explained on a tactical basis. A variety of 
tactics have been hypothesized (Ellis et al. 1976). In 
general they pertain to nutritive requirement and foraging 
efficiency. To contrast between deer and cattle, perhaps the 
most important differences influencing selection tactics are 
their metabolic weight, rumen to metabolic weight ratio and 
morphological differences of the mouth. The first influences 
nutrient reguirement, the second the ability to ingest 
sufficient nutrients and the third, the ability to select 
sufficient quality to meet their nutritional re guirenents. 


For example the metabolic weight (W75/kg) of a 540 kg cow 
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and 70 kg deer is 112 kg and 24 kg respectively. This 
indicates that deer require 1.6 times more energy per kg 
live weight than does the cow. Furthermore, the 
rumino-reticular volume (1) in proportion to live weight 
(kg) is about 10% for deer and 45% for cattle. This 
demonstrates considerably less ability by deer to retain 
forage and contributes to a less efficient digestive systen. 
These handicaps are offset, in part, by morphological 
differences of the mouth permitting antelope and, 
presumably, deer to select a higher quality forage than 
cattle (Ellis and Travis 1975). 

Although the feeding behaviors of deer and cattle were 
not studied concurrently, several comparisons can be made. 
Deer selected a greater proportion of forbs despite their 
availability being less in April than in May. Deer also 
selected more Sandberg's bluegrass. This forage was probably 
most nutritious in April prior to cattle use. In addition, 
the short leaves of Sandberg's bluegrass limits utilization 


by cattle. 


The observations among trials for each species were in 
close agreement with one another. Several noteworthy 
exceptions were evident. Among the deer trials the burned 
treatment, compared to the clipped, was preferred relatively 
more in the big sagebrush community than in the Douglas bi 


community. This indicates an interaction of the environment 
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with factors determining preference or a response to the 
relatively low biomass present in the Douglas fir community 
(Table 21). The latter effect would be to reduce selectivity 
by increasing the search effort and reducing the profit 
associated with the animals! choice. In fact, the estimated 
weight per bite from the burned treatment in the big 
sagebrush community was 1.9 times greater than a bite from 
the clipped plot (Table 23) . In the Douglas fir community 
the difference was by a factor of only 1.2. 

Deer and cattle both took more forage per bite in the 
big sagebrush community than in the Douglas fir community. 
This effect was likely the result of lower forage 
availability in the Douglas fir community (Tables 21 and 22) 
and shorter tiller lengths. Allden and Whitaker (1970) found 
that, sheep increase their bite size almost linearly with 
increaing tiller lengths. 

The uncharacteristically heavy bite estimate by cattle 
from control plants in late May, in the big sagebrush 
community (Table 24), may be explained on the basis of 
tiller length as well. In that trial tiller lengths were 
unusually high (Table 25), a about 2 cm below the maximum 
height of standing litter. This length may be sufficient to 


negate the barrier effect evident in the early stages of 


grazing. 
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Production estimates of weathered and spring forage were 
influenced by both fall treatment and subsequent spring 
grazing. Earlier work (Chapter 3) has shown that tillering 
in bluebunch wheatgrass was somewhat stimulated by burning 
while spring grazing stimulated considerably more tiller 
development. Tan et al. (1977) found tiller density to be a 
major determinant of productivity in smooth brome (Bromus 
inermis). Daubenmire (1968) reported that burning often 
results in a first year decline in production of grasses but 
in following years yields may be higher than normal. This 
implies lighter first-year tillers on burned areas and 
recovery toward normal weight in the second year. 

In the present study, the post-grazing regrowth was 
represented by weathered forage. The contrast in yields 
among treatments between the deer and cattle trials, in the 
big sagebrush community, is difficult to interpret. Although 
experimental error cannot be ruled out, several explanations 
may be proposed. One is the time of first grazing following 
treatment. Grazing by deer occurred in April when the 
carbohydrate reserves were minimal. McLean® reported that 
the lowest carbohydrate reserves occur when leaf length is 
about 17 cm. At this time the plant is susceptible to damage 
by severe defoliation. By May the carbohydrate reserves have 
been replenished and defoliation is less damaging. The 
varying response among treatments in April was probably 


caused by different levels of utilization. The first year 


6McLean, A- 1978. Unpublished report. 
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utilization for the clipped and burned plots was about 60 
and 90% respectively while for the control plots it was 
about 20%. Forage utilization in the clipped and burned 
plots of the May cattle trials was also severe. Although 
carbohydrate reserves were not believed linitng, the length 
of favourable growing season was (van Ryswyk and Broersma? 
1977). Differential response among treatments was caused by 
a greater number of tillers on the burned plots. 
Post-grazing tillering in the first year after treatment 
showed 50% more tillers in plants of the burned plots than 
in plants of the clipped plots. The intricate relationships 
described above require further study. 

In the Douglas fir community, the relationships between 
treatment and yield were Similar between the two cattle 
trials although differences in magnitude occurred. Tillering 
was less a factor on this range (Chapter 3) and residual 
leaf area after grazing seemed most important. First year 
utilization of the control plants was about 20% and for the 
clipped and burned plants, 60 and 80% respectively. The 
greater contrast among treatments in the second trial may be 
influenced by a shorter favourable growing season remaining 
after grazing. : 

Spring productivity showed two responses, defined by 
community, among treatments. Although not significant 
(P>0.05), there was a trend for production in the big 


sagebrush community to be greatest in burned plots, perhaps 


7van Ryswyk, A. and C. Broersma, 1977. Unpublished data. 
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the result of increased tillering. Tillering was also 
enhanced in plants of the Douglas fir community, however not 
sufficiently to compensate for a lighter tiller. 
Consequently, yields were less on the burn than on the 
control areas. 

The effect of the grazing x treatment interaction on 
plant mortality was not investigated. No effect was evident 
on the basis of plant density among treatments. McLean® 
(1978) reported 23% mortality among bluebunch wheatgrass 
plants clipped more than once to a height of 5 cm in April 
and a more severe effect for clippings in May. Evidently, 
the short interval of the first spring grazing trials 
simulated a single clip.It is not damaging if subsequent 


soil moisture is adequate for growth. 


®8McLean, A. 1978 Unpublished report. 
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6. FORAGE SELECTION AND DISTRIBUTION OF USE 


6-1 Methods 

Four trials were made; two with deer and two with 
cattle. One trial was made for each species in the big 
Sagebrush community and one in the Douglas fir community. 
The trials using deer were made in April (1977) and those 
with cattle in May (1977). The dates corresponded to the 
period of normal range use by each herbivore species. Four 
animals were observed in each trial. The deer were a male 
and female of both 1 and 2-year age classes. The cattle were 
yearling heifers. 

The design was unbalanced, randomized complete block 
with 6 plots and 3 rows. One plot was burned, 1 undisturbed 
(control) and 4 grazed. The treatments were made in the 
fall. Burning was done in November when the relative 
humidity averaged 55% and the temperature 5°C. Bluebunch 
wheatgrass plants were ignited individually with a propane 
torch. Other flammable material was also ignited. Fall 
grazing was by cattle made prior to the burn and the control 
plots were protected by fences. 

The area of each deer enclosure was .15 ha and of each 
cattle enclosure, .67 ha. The deer enclosures were fenced 
with fish-net to a height averaging 1-7 m according to 
methods described by Willms et al. (1978). The cattle 


enclosures were fenced with 4 strand barbed wire. The 
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animals were conditioned in similar habitat for at least 7 
days prior to each trial. 

Availability and utilization estimates of bluebunch 
wheatgrass were made indirectly as described in section 1 of 
this part. The modifications made in the second year after 
treatment were included in calculations for the present 
estimates. Basically, the observations were made on the 
plant. Meter-square sub-plots were systematically placed 
within each plot, the plants mapped on a grid and their 
basal areas and heights measured. In addition, the ground 
cover of each species was estimated in 1% classes to 5% 
cover, and thereafter in 5% classes. 

Four sub-plots were established per plot of the deer 
trials and 16 per plot of the cattle trials. They were 
surveyed once each day of the trials. The survey consisted 
of estimating, for each bluebunch wheatgrass plant, the 
average stubble height and the proportion of area grazed; 
and, for each additional species, the proportion of area 
grazed. The deer trials were surveyed seven and five times 
in the big sagebrush and Douglas fir communities 
respectively; the cattle trials were surveyed four and five 
times in those communities respectively. Trials in the big 
sagebrush community were made first, followed in seven days 


by the trials in the Douglas fir community. 
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Two fields, each with an area of about 150 ha, were 
available for observation. Both fields had 41% Douglas fir 
community and 59% big sagebrush community. The proportion of 
each habitat in the big sagebrush community was 25% steep 
south-facing slope, 48% knoll, and 27% flat field. The 
habitats were discrete in space and their juxtaposition, 
relative to one another, the same in each field. One field 
was grazed by cattle in the fall with a stocking rate of 3.1 
ha per AUM. Habitat utilization by cattle was not observed 
in the fali but previous work (McLean and Willms 1977) 
revealed that greatest use occurs in the flat field habitat 
and the least use normally occurs in the treed habitat. 

Two small burns were made in winter (1976-77), one ina 
fall grazed field (.25 ha) and the other ina fall ungrazed 
field (.5 ha). Insufficient drying times between periods of 
rainfall maintained moist fuels and restricted the burns to 


areas of high grass Litter accumulation. 


Five sites (A-E) were selected accordng to available 
treatments (Table 27). One hundred or more individual plants 
of bluebunch wheatgrass were selected at each site and their 
dimensions recorded. The plants were selected within a 
linear belt transect, 1m wide and oriented to sample a 
representative area of the site. Those plants selected were 
identified by color code sprayed on the ground at their 


base. Plants within the transect were ignored if they could 
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not be distinguished from one another without labelling or 
if they were too small (<15 cm circumference). Estimates of 


utilization were made weekly during the grazing period. 


6.1.2.2 Forage Selection by Deer 

Treatment selection by free-ranging deer was observed 
on sites prepared for other studies. The sites for the study 
of confined cattle (Chapter 6.1.1) provided 2 areas. Both (A 
in the big sagebrush community and B in the Douglas fir 
community) had randomized complete block designs and were 
unbalanced. The outside dimensions were 82 x 82 m. A third 
site, C, was prepared for studying the growth and morphology 
of bluebunch wheatgrass (Chapter 3) in the Douglas fir 
community. The design was a 3 x 3 Latin square and the 
outside dimensions were 12 x 15 m. Sites A and B were fenced 
with barbed wire which was readily permeated by deer. Site C 
was not fenced and fall grazing was simulated by clipping 
with an electric powered sickle bar. Forage selection at all 
sites was measured as the proportion of plants grazed to 
plants ungrazed. The plants were sampled in a beit transects 
established parallel to the rows and across the plots. Ten 


transects were used at sites A and B and 6 transects at site 


C. 


6.1.2.3 Migration and Distribution of Deer on Spring Range 


An estimate of the relative seasonal distribution of 


deer use on spring range was made with night-time surveys 
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encompassing the fields described above and on additional 
spring range. Deer counts were made by an observer, using a 
300,000 candle-power spotlight, Standing at the back of a 
Slow moving pick-up truck. Counts were made on 18 occasions 
from 18 February to 11 April, along the same 17 km transect. 
The counts were partitioned according to field to show 


changes in distribution. 


The treatment effect on bluebunch wheatgrass production 
and its subsequent utilization by deer and cattle was 
evaluated using analysis of variance and Duncan's multiple 
range test. Prior to analyses the utilization estimates were 
transformed to a percent of total available forage in each 
treatment. Estimates on the proportion of bliuebunch 
wheatgrass contributed by each treatment were based on total 
utilization for that species. Consequently, the proportion 
contributed by the grazed treatment was based on four times 
the area of the others. Relative preference was calculated 
for each survey as described earlier. 

Where the treatment effect was measured as a proportion 
of plants grazed, the data was first altered with the 
arcsine transformation. Since the values for the control 
were all zero, the response to the burned and grazed 
treatments were analyzed using the t-test. 

Utilization of species other than bluebunch wheatgrass 


were estimated as the percent of cover removed. The 
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estimates were weighted among plots by available cover. 

The effect of dead stubble on the utilization of spring 
forage of bluebunch wheatgrass was evaluated using 
regression analysis. The relationships were calculated at 3 
levels of utilization with polynomial equations to the 3rd 
degree according to Goulden (1952). 

The effect of grazing intensity on the homogeneity of 
utilization among sub-plots was examined using the 
coefficient of variation (CV). Utilization estimates were 
converted to a percent of total available forage and the CV 
was calculated for among sub-plots at each survey and for 
each treatment. The CV (Y) was plotted against percent 
utilization (xX) for the respective treatment. Linear 
equations of this relationship were calculated for each data 


set. 


6.2 Results 


The grazing treatment, in the deer trials, left an 
average stubble height (+1 SEm) of 7.74.6 and 7.2+.2 cm in 
the big sagebrush and Douglas fir communities respectively. 
The stubble heights in the cattle trials were 5.8+.3 and 
7.0+.2 cm in the same communities respectively. 

Forage yield was less in treated plots than in control 
plots although the difference was significant (P<0.05) in 
only one trial (Table 28). The proportion of available 


bluebunch wheatgrass utilized by both deer and cattle was 
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highest from burned areas and lowest from control areas 
(Figures 12 and 13). The total proportion selected, however, 
was low from the burned treatment because availability was 
less. The burned and control areas were each 1/6th of the 
total area and the grazed, 4/6th. Furthermore, burning 
tended to decrease yields (Table 28). 

Deer Selected a greater proportion of forage from the 
grazed treatment than from the others (Fig. 12). The 
utilization trends in both communities were for increasing 
use of forage from the control and diminishing use from the 
grazed treatment. Deer demonstrated greater preference for 
bluebunch wheatgrass from the burned treatment at all levels 
of utilization. Bluebunch wheatgrass from the grazed 
treatment was preferred to that from the control in both 
communities except at the final two surveys in the Douglas 
fir community. Equal preference for the grazed and control 
treatments occurred when utilization of the former was 37% 
and, of the latter, 14%. Deer switched from the burned to 
the control when the former was utilized 73% and the latter, 
9%. 

Cattle utilized forage from the treatments in a similar 
manner between communities (Fig. 13). The most conspicuous 
difference was in the high utilization made of the control 
in the Douglas fir community. The proportion of both the 
grazed and burned treatments in the diet declined and the 
proportion of the control increased as utilization 


increased. Switching from the burn to the control occurred, 
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Artemisia tridentata Pseudotsuga menziesii 


UTILIZATION (%) 


PROPORTION SELECTED (%) 


RELATIVE 
PREFERENCE 


Figure 12. 
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First year effect of fall treatment (control, ; clip,-----; 
burn,—-—-- on the utilization, selection and relative prefer- 
ence of bluebunch wheatgrass by deer, relative to total utili- 
zation from all treatments, in two communities during April, 
1977. Utilization differences between treatments that have 
different letters are significant (P< G205)).. 
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Artemisia tridentata Pseudotsuga menziesii 


UTILIZATION (%) 


PROPORTION SELECTED (%) 


RELATIVE 
PREFERENCE 


Figure 13. 
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80) o0: 


TOTAL UTILIZED (%) 


First year effect of fall treatment (control,——; clip,----- : 
burn,--—-) on the utilization, selection and relative prefer- 
ence of bluebunch wheatgrass by cattle, relative to total 
utilization from all treatments, in two communities during 
May, 1977. Utilization differences between treatments that 
have different letters are significant (P<0.05). 
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in the big sagebrush community, when the former was utilized 
76% and the latter 13% and, in the Douglas fir community, 
When the same treatments were utilized 56 and 12% 
respectively. Relative preferences among treatments were 
Similar when the burned, grazed and control plots were 
utilized about 81, 69 and 29% respectively in the big 
Sagebrush community and 65, 53 and 27% respectively in the 
Douglas fir community. 

The cover of forb and grass species, other than 
bluebunch wheatgrass, and their degree of utilization are 
Shown in tables 29,30 and 31. Sandberg's bluegrass, 
cheatgrass and needleandthread represented major proportions 
of cover in the big sagebrush community. In the Bouglas fir 
community a variety of grass and forb species were similarly 
represented. The data was stratified into treatments only 
for the cattle trials (Tables 30 and 31). 

The degree of utilization increased approximately 
linearly from the first to the last surveys but varied among 
species. Deer selected a greater proportion of available 
Sandberg's bluegrass and fleabane (Erigeron spp.) in the big 
sagebrush community. Sand dropseed (Sporobolis cryptandrus) 
was not utilized while cheatgrass and needleandthread were 
utilized in minor proportions. In the Douglas fir community, 
deer utilized species of the forb type (Table 29) most 
intensely although pasture sage (Artemisia frigida) and 
yarrow (Achillea millefolium) were scarcely utilized at the 


earlier surveys. Selection by cattle was distinguished fron 
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Table 29. Available forage (% ground cover) of important species and 
their utilization by deer in two communities. 


Available forage 


2% cover 2 freq. Survey Number 
Species x*SEm) 1 2 3 & 5 6 7 


Artemisia tridentata (n=48) 


CRASSES: 

Bromus tectorun 2.02 .6 38 0 tr* 3 11 13 14 15 

Poa sandberpii 10.641.1 97 tr 2 ed 35 54 61 68 

Stipa comata eared 14 0 0 8 23 29 29 30 

Sporobolis cryptandrus Aes) Fp 46 0 0 (1) 0 0 0 0 

FORBS: 

Erigeron sp. 5% .1 35 0 1 22 45 64 67 69 
Pseudotsuga menziesif (n=48) 

GRASSES: 

Aristida longiseta 3.42 .8 . 46 0 0 0 0 0 

Koeleria cristata V.4* 23 | 57 3 8 42 62 75 

Poa sandbergii 725553 cll 25 5 5 19 34 38 

Stipa comata 5ERe 7d ¢ 35 0 0 2 13 20 

FORBS: 

Achillea millefolium Ales Bi 35 1 1 2 15 43 

Artemisia caudatum Seba Aph 28 10 10 45 65 74 

Artemisia frigida see oe! 21 0 0 9 29 54 

Astragulus sp. oghs pil 26 16 28 54 73 86 

“Tragopogon dubius lt .04 14 26 52 65 85 100 
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Table 30. Available forage (% ground cover) of important species and 


their utilization by cattle in relation to treatment in the 
Artemisia tridentata community. 


Forage utilized 


Available forage Z of ‘available cover grazed) 
z cover % freq. Survey Number 
Treatment and Species (x+SEm) ingunr Sela tage ae 
CONTROLT 
Grasses: 
Bromus tectorum 5.02 .9 94 tre 7 27 44 
Poa sandbergii detti1.l 94 0 3 8 15 
Stipa comata 7.441.7 67 0 1 17 45 
Forbs: 
Calochortus macrocarpum sOtEee 25 0 8 25 40 
Erigeron spp. s42te.1 31 0 6 39 50 
Lomatium macrocarpum tate 1 21 0 21 38 62 
GRAZE* 
Grasses: 
Bromus tectorum 14432150 90 5 18 31 42 
Poa sandbergii 15°612'.2 cp er: S| 7 13 
Stipa comata 4.3+ .4 62 46 67 80 88 
Forbs: 
Erigeron spp. sOt ml 46 6 23 48 59 
Lomatium macrocarpum 4% .1 24 13 39 39 39 
Tragopogon dubius wy ea | 18 42 84 93 94 
BURNT 
Grasses: 
Bromus tectorum 9.0+1.7 92 5 17 19 39 
Poa sandbergii de otlck 85 tr: 3 9 24 
Stipa comata 7.841.0 58 53 87 90 95 
Forbs: 
Calochortus macrocarpum on me 19 29 a2 51 61 
Erigeron spp. Sea ee | 35 Z 22 42 55 
Lomatium macrocarpum ome. L 25 13 a7 64 84 
Tragopogon dubius 7 oo rap | 25 21 69 69 69 
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Table 31. Available forage (% ground cover) of important species and 
their utilization by cattle in relation to treatment in the 
Pseudotsuga menziesii community. 


ee 


Forage utilized 


Available forage (Z of available cover grazed) 
; % cover % freq. Survey Number 

Treatment and Species (x+SEm) 1 2 3 4 5 
CONTROLt 
Grasses: 
Aristida longiseta Leak, 34 27 0 0 tr* a 43 
Koeleria cristata 1242) 2 67 16 27 40 56 86 
Forbs: 
Achillea millefolium sepa Fal 29 0 3 17 32 62 
Artemisia caudatum Ais ros cp 42 0 4 20 24 Sb 
Astragulus spp. Ose ok 38 12 20 45 72 93 
Gailardia aristata sltecl 12 0 38 55 59 79 
Oxytropis campestris 2.7+1.0 40 29. 54 74 80 94 
Tragopogon dubirs pe has ey | 27 33 62 86 86 97 
GRAZEt 
Grasses: 
Aristida longiseta 749 EY oe 23 tr i 4 8 60 
Koeleria cristata 1.4+ .1 64 22 40 60 74 85 
Stipa comata Sebo ipa § 10 3 26 ma 67 80 
Forbs: 
Achillea millefolium 1.0+ .1 43 2 10 Jee tte 260 
Antennaria spp. o3t ol 20 0 tr 10 28 36 
Artemisia caudatum Apna. eel 43 tr 1 16 28 65 
Astragulus spp. Ona “40 ya 19 42 73 93 
Gailardialcristata ache cal 22 10 45 72 78 86 
Oxytropis campestris Z51t.<6 2h 48 61 77 93 96 
Tragopogon dubius et a 38 42 67 . +84 92 98 
BURNT 
Grasses: 
Aristida longiseta Are ek 4 0 0 10 10 50 
Koeleria cristata iEatlee @72 58 21 32 40 60 83 
Stipa comata 04+ .03 4 0 0 50 100 100 
Forbs: 
Achillea millefolium 1,027.2 52 2 4 27 32 60 
Antennaria spp. ep As | 17 20 20 20 23 24 
Artemisia caudatum a ee ab 27 15 20 31 43 70 
Astragulus spp. -6+ .2 29 6 13 39 61 91 
Sailardia cristata etek 21 0 23 51 64 91 
Oxytropis campestris 4.0+1.3 46 25 57 75 83 94 
Tragopogon dubius 4% .1 27 54 87 89 92 99 
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+ n=48; # n=192 
* Less than .52Z 
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deer by the degree of utilization among species. In the big 
Sagebrush community, cattle utilized most of available 
needleandthread and minor proportions of available 
Sandberg's bluegrass (Table 30). Needleandthread was also 
heavily utilized in the Douglas fir community. The forbs, 
however, were heavily utilized by cattle in a similar manner 
as by deer. Vetch (Astragulus spp.), crazyweed and salsify 
(Iragopogon pratensis) experienced exceptionally heavy use. 

Tables 30 and 31 also define selection differences for 
individual species among treatments. Initial utilization of 
a species, in both communities, was greater on the treated 
than on the control plots. This difference extended through 
to the final survey in the big sagebrush community. In the 
Douglas fir community, however, the degree of utilization at 
the final survey was similar among treatments. 

The effect of dead stubble on grazing of spring forage 
was examined using regression technigues (Table 32). Within 
a data set, the Y-intercept and regression coefficient 
usually decreased and the coefficient of determination (r?) 
increased with greater utilization. Deviation from this 
generalization occurred in the small circumference class. In 
general, the regression coefficient and r@ of the Larger 
circumference class were greater than those of the smaller 
class, comparable for trial and degree of utilization (Table 
32). The equations indicate the barrier effect was inversely 
proportional to stubble length and forage availability. 


Variation of utilization among sub-plots declined ina 
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logarithmic manner with increased utilization (Table 33). In 
the deer trials, the regression coefficients of the burned 
treatment in both communities were larger than for the other 
treatments. The treatment effect was not reported for the 
cattle trials where visual examination of plotted data did 
not reveal differences. Regression coefficients were larger 
for equations of the Douglas fir community than for 


equations of the big sagebrush community. 


Free ranging cattle utilized bluebunch wheatgrass from 
the treated plants significantly more (P<0.05) than from the 
control plants (Table 34). At the only site (D) where both 
burned and grazed treatments were present, plants of the 
grazed treatment were utilized more than plants of the 
burned treatment. However, this difference was significant 
only at survey 1. 

The degree of utilization among sites appeated similar 
for the grazed treatment at each survey. There was no 
relationship of the proportion fall grazed to fall ungrazed 
plants (Table 27) with the degree of spring utilization. 
grazed treatment. However, utilization of the control plants 


decreased as their proportion on the range increased (Tables 


27 and 34). 
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Effect of grazing intensity (X) on the variation of forage 
removed (Y) in relation to treatment, animal species and 


community. 


2 Sk ee Be ee De A ea ee Ee 
Community Species 


Ar 


Ps 


Deer 


Deer 


Deer 


Deer 


Cattle 
Cattle 


Cont 
Graz 


Burn 


Cont 
Graz 


Burn 


Equation 


Individual treatment 


rol Log Y=2.234-0.286a(Log 
e Log Y=2.197-0.199a(Log 
Log Y=2.321-0.439b(Log 


rol Log Y=2.272-0.434a(Log 
e Log Y=2.684-0.600a(Log 
Log Y=3.967-1.448b(Log 


Treatments combined 


me a a a ee 


Log Y=2.227-0.304c(Log 
Log Y=2.423-0.522d(Log 


Log Y=2.350-0.535d(Log 
Log Y=2.769-0.741d (Log 


Y Coefficient of variation; X% Percent utilization. 
a&b Regression coefficients, with the same letter, within subset of 
habitat and species, do not differ significantly (P > 0.05). 


c&d Regression coefficients, with the same letter do not differ 


significantly (P > 0.05). q 
Ar Artemisia tridentata; Ps Pseudotsuga menziesii. 
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by Deer 

There were no observations where free-ranging deer 
selected control plants of bluebunch wheatgrass (Table 35). 
In the Douglas fir community (Sites B and C), deer selected 
about twice the proportion of plants from the burned 
treatment as from the grazed treatment. Selection in the big 
sagebrush community (Site A) favoured the burned treatment 


as well but the difference was not significant (P>0.05). 


The number of deer sightings made on the spring range 
increased linearly with time (Fig. 14) although examinations 
of the plotted data indicate a slight sigmoidal change. Two 
hundred and sixty eight animals were observed on two fields 
from 18 February to 11 April. The incidence of sightings 
increased in approximately the same manner as on the total 
spring range. From 18 February to 29 March, 147 sightings 
were made which were distributed in a ratio of 1:4.2 between 
the fall grazed and fall ungrazed fields. During the 
remaining time, to April 11, 121 Sightings were distributed 
in a ratio of 1:1.1 between the fields. If the sightings 
were weighted according to the area surveyed in each field 


the first ratio becomes 1:2.2 and the second 1:0.6. 
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Table 35. Effect of fall grazing (or clipping) or burning on the 
proportion of bluebunch wheatgrass plants grazed by free- 
ranging deer at three sites. 


Control Grazed ; Burned 
ae Proportion Proportion Proportion 
Site’ Date of Survey ie grazed n grazed 70 grazed 
A 27 April 139 0.00a 576 0.33b 146 0.44b 
B 29 April 436 0.00a 1700 0.14b 383 0.30c 
Cc 16 April 133 0.00a 89 0.21b lll 0.45¢ 


+ Site A in Artemisia tridentata community; Sites B and C in 
Pseudotsuga menziesii community. 

a-c Proportion with same letter in row do not differ significantly 
Cea >.0205)% 
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Figure 14. Migration of deer (night time sightings per survey) onto 
spring range from 18 February to 11 April, 1977. 
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Forage availability was affected by the proportion of 
area treated and by the production in each. The proportion 
of area burned in the first study was similar to that 
suggested by Duvall and Whitaker (1964) and Grelen and 
Whitaker (1973) for southern U.S. ranges. In the second 
study, the proportion of area burned was considerably below 
an acceptable level for a range management program (Wright 
1974). Results of the studies in this section relate 
implicitly to forage availability and animal preference for 


each forage class. 


The treatment effect on productivity was similar to 
that observed in chapter 5. It was evident that burning 
reduced production in the first year although recovery may 


have enhanced production in the second. 
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Bluebunch wheatgrass selection among treatments was 
also similar to those reported earlier. The result of 
altering the proportion of treated areas did not change 
appreciably the relative preference for each treatment. This 
indicates that for the range of proportions for 
burn:graze:control areas of 1:1:1 to 1:4:1, consumption of 


each was a linear response to availability. An obvious 


'¢€ 
Re 1 
a! iy 
s a 
r 
1; 
be "3 
ij 
a} 
f 
ie = é 
aio 
' 


—s v 


‘\ ses 
cy Soltenuee AOD. hr TE ot tetee a0 


n verseessa donot. RE ES “7 ae coer 


me rT eit 8a, goRasaaae see aves 


ao ia rn omit Lee ‘wy 


fe os a 
aie ahah | 
hee 


f 


Sich aiks Ag ein eet ‘ts ne A . “ Si se an IO .% sat 
a ; : H aa a } fee Pig. 
Lege Psewos \e Aw nada ait aie ~ i nok novomy 
‘ y THY i ret Ti} + 1B neal opant 8 hig ioe La oF 
: PUR ia tl au ( ia ile oi 
gobsoes ake Ad wn ttiogs wae cia 
tat =) ? ha yt ks tae! PESTS; oo 7: bod ae 
: a Py The \) oF, 


he Pek tS a see 0 seaihe bbs pan ey 


9 Y 


(Baebes oy ak, ae eamaag Ba 


i 
4 
qaat 


mie 


Lidattsord: f ons stds 


me 
i ? 
wy y fl 
: a 


bai 
A 


> poe Ad ee, ht eal ‘pmo 20 a 


Sie eka. i eae 


Par aris reiogy. 20 epaed 


(ie ‘“) 


OY Ta ds a 


Us 


ahiiwie ‘Ma of * Lnidesbes 


134 


qualification to this generalization is that area was not 
necessarily related to availability. Furthermore, with 
preferential selection among treatments, the ratio of 
available forage was continually altered. Their combined 
effect would be to reduce the proportion of available forage 
from the burned treatment and increase the proportion fron 
the control. 

The relative preferences, determined among both deer 
and cattle trials, show three general trends with increased 
utilization, all based on the burn treatment. The trends 
were: an increase (Fig. 12); a decrease (Fig. 13); and an 
initial increase followed by a decrease (Figures 12 and 13). 
These trends may be explained on the basis of foraging 
tactics discussed above, where selection for a declining 
forage becomes greater to complete a meal; followed by 
switching to compensate for an unprofitable selection. The 
changing preferences for the clipped and control treatments 
may be explained on similar logic. Discrepancies among 
trials appear to be the result of insufficient grazing 
pressure in one case (Fig. 12) and an unusual decline in 
relative preference at moderate grazing intensity in another 
case: (Fig2an3)< 

Although the study investigated the treatment effect on 
bluebunch wheatgrass, this species was not the only forage 
utilized and may not have been the most preferred. For 
instance, the proportion of available Sandberg's bluegrass 


utilized by deer in the big sagebrush community (Table 29) 
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Was considerably greater than the proportion of bluebunch 
wheatgrass. Similarly, most forbs were utilized toa greater 
degree by deer in both communities than was bluebunch 
wheatgrass. Vetch and salsify appeared most highly 
preferred. Cattle also utilized large proportions of forage 
other than bluebunch wheatgrass. Utilization of those 
forages appeared affected by treatment, particularly in the 
early stages of grazing (Tables 30 and 31). 

The influence that one species has on the selection of 
another cannot be deduced from information found in tables 
30 and 31, however, an inference may be made. It appears 
that selection of another species was influenced by 
association with bluebunch wheatgrass. The data shows that 
percent utilization of all species was proportionately 
Similar, among treatments, to bluebunch wheatgrass 
utilization. Support for this argument also comes from the 
theory on foraging tactics (Ellis et al. 1976). That is, 
when nutrients are not limiting, more effort can be expended 
to search for scarce, but more preferred forages. In the 
communities studies, bluebunch wheatgrass provided the most 
important nutrient source. 

Availability and utilization estimtes based on ground 
cover are not comparable among species. More refined 
estimates may be made using regression techniques similar to 
those of Payne (1974). Percent utilization of available 
forage was, apparently, comparable to percent cover grazed 


because the species growth form was low thus requiring close 
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utilization. 


The greater preference and utilization of burned forage 
was at least partly the result of shortened stubble. This 
Was demonstrated by regression equations developed from 
plants of the grazed treatment (Table 32). For example, the 
relative preferences for forage within a plant, having a 
circumference greater than 20 cm, and calculated for cattle 
in the big sagebrush community at 54% utilization, changed 
from 6.1 at zero stubble to .7 at stubble the height of the 
total plant. These estimates were based on calculations 
defined earlier for relative preference and for the 
proportion utilized from equations describing the 
relationships of weight to height defined in chapter 3. 

The equations predicting grazing height (Table 32) 
reveal a diminishing effect as both stubble length and 
grazing pressure increase. The interaction of increased 
grazing pressure on the stubble was demonstrated by both a 
decreasing Y-intercept and regression coefficient for all 
combinations of animals, communities and plant sizes. A 
stubble effect uniform with height would have a regression 
coefficient of 1 in the equation. This was most closely 
achieved by deer on larger plants with very light 
utilization. Normally, as grazing pressure increased the 
deer foraged below the height of mature stubble while cattle 


probably depressed the stubble length by utilizing it with 
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new forage. Consequently, the point at which the grazed 
height equalled the original stubble height declined with 
increased utilization. According to the size of the r2 and 
regression coefficient, cattle were influenced less by the 
stubble than were deer. The contrast was particularly 
evident with smaller plants. 

As expected, the stubble of small plants imposed a less 
effective barrier than the stubble of large plants. This 
appeared largely offset by less utilization of the very 
small plants. This is inferred from the generally larger 
Y-intercept of their regression equations. Presumably the 
small plants were either not sensed by the herbivore or were 


avoided. 


Homogeneity of Range Utilization 
The logarithmic equations (Table 33) indicate that 
utilization variability declined rapidly from light 
utilization (10%) and reached near stability at about 50% 
utilization. Deer utilized burned areas more uniformly than 
ateas of other treatments. On the other hand, cattle 
utilized the big sagebrush range nore uniformly than did 


deer. Deer exemplified a more selective feeding behavior 


that resulted in greater utilization variability among 


plants. 
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6-3-2 Studies on Free-Ranging Animals 

6-3-2-1 Forage Selection by Cattle 

The sites selected for study (Table 27) varied in 
community, treatment and the proportion of plants previously 
grazed. Furthermore, grazing pressure could not be 
controlled for uniform distribution over the entire field. 
The most valid comparisons were between treatments. 
Inferences on the effect of site conditions may also be 
made. 

The relative utilization between the grazed and control 
plants was similar to that reported earlier (Chapter 3). 
However, On Site D where the grazed and burned treatments 
occurred together, utilization differed considerably fron 
the previous study. The reason for this is not clear. An 
explanation may be found in the size and shape of area 
burned. The burn at site D was small and irregular, perhaps 
making selection for plants of that treatment unprofitable. 

Utilization of forages in all treatments increased 
gradually through the grazing period. Only in the burned 
area of Site E was initial utilization heavy. Grazing on 
that site occurred immediately after cattle were released 
into the field. Over fifty head, including both yearlings 
and adults, were herded past the site without detecting the 
burned area. When released they began to graze in the 
direction which led directly to the burn. They moved over 
the area but only a few animals lingered to search for 


residual forage, and not all animals seemed to have entered 
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the burned area. Observations throughout the grazing period 
indicated a few animals frequented the site. It was not 
known if the animals were the same individuals at each 
observation. 

Utilization differences among sites of the fall-grazed 
plants were minor. However, utilization differences of 
control plants, among sites, varied considerably. Their 
utilization decreased from the big sagebrush community to 
the ecotone and to the Douglas fir community. The proportion 
of plants grazed the previous fall did not appear to bea 
waCCOLs 

It is noteworthy that minor use was made of control 
plants of bluebunch wheatgrass in both communities. This 
occurred despite the severe over-use of crested wheatgrass 
on the flat field (personal observation). Presumably, 
average utilization over the entire range approached the 
recommended levels, however, uneven distribution resulted in 


inefficient use of the forage resources. 


6.3.2.2 Forage Selection by Deer 

The method of determining selection, by estimating the 
proportion of plants used from each treatment, describes the 
olfactory and tactile preferences. The relatively small 
plots availabie to free-ranging deer permitted ready access 


to all choices and encouraged greater utilization. Lack of 


control on the stocking rate of deer makes the importance of 


absolute values irrelevant. 
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Wild deer displayed a response similar to that observed 
by captive animals in study 1. The treatment effect was more 
pronounced in the Douglas fir community (Sites B and C; 
Table 8), perhaps the result of greater plant density. Deer 
appeared to rely on tasting then Lejecting or accepting 
forage to gain experience for completing their meal. This 
mechanism requires that a minimum number of plants are 
tested. Consequently, where plant density is low, the 
proportion selected is increased. The selection mechanisn 
described is based on chemical factors for discrimination 
but precludes the control plant from selection because of 
its' physical barrier of standing litter. 

The small size of plots used for observation do not 
typify conditions normally accessible to free-ranging deer. 
Observations of plant selection made on larger burns (1.5 to 
1 ha) in the vicinity of the study revealed light use. Only 
13% of available plants were selected in late April and 
early May in two burns in the Douglas fir community. At the 
same time about 50% of the plants grazed in the fall were 
utilized by deer. These observations conflict with 
observations made on the smaller areas. An explanation can 
only be offered in terms of availability and distribution of 
plants from each class. The burned plants were grouped 
within a small area while the fall-grazed plants were widely 
dispersed among fall-ungrazed plants. Personal observation 
indicates that deer may travel extensively while feeding. 


This behavior would favor selection of dispersed plants 


0) ecient wetae 4 vow teas 


i ‘i ' : \ | : in i yy Vey, ’ ; ay ep io Nard we hey ie nu Hine ear ah 7 


WEDS ul . at a i 7 ¥ ie ne 1." ¥ | 
' b, ak : TACs ir a ian T pal We i oh aA ; ny 
: A Aa a thom ia yy et 
rit yanida, 6 she ! pane ‘ie ae a 
. 77 ne 7, x remy ape af in AN 
‘WIO”g ar aoe hee te sasaaid “at Cie as 
5. 4 a oe ELV, 
7£ is yf guy Cy ab La 
v i Fed we ty aii as . apn re 
j ; oe Lge ABR soaps es a 
ay j ‘ a‘ a an 
: Baas i a i it eR ei a ore t bor! ban 
7 in xi hake a 
pueee lh : 
be f “ aunt ow wt Sis enoane 
net we Oi heal at a " Presipbannse: 
DO a tal é ue a ¢ 
sia h foek 26% weo topa har ro @ Rened tt as 
ti ~ Pr : yy PovtAS, 
theded. toitoadea nde BR. ne sig horas <ebel aie 
Tatas Gi wibibaaal He aptyasd. to) - 
“ oe Vi 7 
ton Gt anid aviiesaia Tag haan stoma aia en 
1 ns =! = Shes ae 
, mbac-osdt oF shu be POS ’ bisason anabatlens i” 
; ah sine “ib, > ny a 
af 2.) \anded wepse lL 25> obs: den te ofee tanga eaoae 
edad aoee My hl fake vem yb, 4 Kass 9 oa) dyson 
f ce on ' 4 
Si} a , a tz Lo = 
i) Aine & i 
= ; : foi i ; 
‘wg LL PUOD Z caoder semi 
te>, Aokseaws 8 eect OL it: ol | 
ve Loy ts : i 
to wobtrgeesakh. bas. yd ied d shisve ty, anaes 
anh : . Py i 
benveip ote” utaukq & 
¥ f #y E f % “4 Tio ano ‘ & rT, ie x 3 4 rm = s 
ac ihewasado. team a 
7 , 


iether 
ee ela a, bono gut Re. me 
” 


Z , , 
- yO naan Y: yim: 
a ray vi 7 mn, be 
hy. 4 ie mY ye" the 7 


hadi oy 


141 


Since fewer encounters with preferred plants would be 


ignored. 


2-3 Distribution of Deer on Spring Range 

A measure of both regional and local distribution of 
use was provided with deer counts. The region was the spring 
range where migration increased gradually, beginning in late 
February and extended through until early April (Fig. 14). 
The maximum count was made on 5 April. Although only two 
subsequent surveys indicated a decline, the trend 
established was supported by unscheduled, partial surveys of 
the area. 

Migration by deer onto spring range does not follow a 
fixed schedule. Movement from their fall and winter range to 
the lower spring range appears to be in response to two 
pressures. One is a positive response to spring production 
of grass and the other is a negative response to deep snow 
at higher elevations. The effect is similar but spaced in 
time. In the first case, deer use the spring range when new 
production becomes available. Observations during five years 
indicate that total use is also modified by range quality, 
including forage palatability and productivity. Extremely 
light use occurred in one year when drought conditions 
prevailed resulting in reduced production and advanced 
forage maturity. 

Further observations of free ranging deer indicate that 


vertical movement is diurnal as well as seasonal. 
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Observations of the first tracks in winter indicate that 
deer occupy the lower range overnight and leave by morning. 
Such forays indicate that range readiness is "tested" since 


the population becomes less transitory as available forage 


increases. 
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7. GENERAL DISCUSSION 
Forage selection and utilization are affected by physical 
and chemical plant properties. Of the physical properties 
examined, tiller density, tiller weight and tiller height 
are the more important characteristics since they define 
both forage production and forage accessibility. 
Productivity of smooth brome has been related to tiller 
density and, to a lesser degree, to canopy height (Tan 
et al. 1977). Tiller weight and density define yield. Allden 
and Whittaker (1970) found that leaf length was important in 
determining bite size in sheep and, therefore, dry matter 
capture rate. The rate and height of plant growth, modified 
by the distribution of weight within a plant, determines 


availability and, indirectly, bite size. 


The effect of fall defoliation was to move the relative 
distribution of dry matter to a lower position in the plant 
(Chapter 3), shorten plant height (Table 25) and reduce 
production (Tables 16, 17 and 28). These effects were 
similar to those reported by Rickard et al. (1975), Uresk 
et al. (1976) and Sauer (1978), and most pronounced in 
plants of the burned treatment. The effects appear to be 
related to temperature and light regimes of the plants 


modified by litter removal and darkening of the soil by 


burning. Shading increases leaf area, which is largely 
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determined by blade length, (Taylor et al. 1968; Kolker and 
Kigel 1972) while temperatures, above optimum for growth, 

result in reduced leaf area (Taylor et al. 1968). Removing 
shade also increases evapo-transpiration from the plant and 
evaporation from the soil. This may lead to an earlier than 
normal water deficit and, consequently, reduced production. 

The shortened leaf length and lower distribution of dry 
matter appears to be a protective response. This is not only 
a protective response to a more severe micro-climate but 
also to the grazer. Plants with shorter leaves and a larger 
proportion of weight near the eroune usually have a greater 
proportion of photosynthetic surface remaining after 
grazing. Furthermore, as foliage height decreases, the 
relative benefit of selecting that forage becomes 
progressively less. This effect will eventually cause cattle 
to switch to another forage (Part II). 

Few treatment effects on the plant were apparent in 
April of either year. Presumably cooler temperatures during 
that month and sufficient soil moisture prevented the 
negative treatment effects. By May, however, detrimental 
effects had become apparent. This was particularly 
noticeable in the big sagebrush community where differences, 
both in production (Table 17) and plant height (Table 25), 
were evident. Shade from the trees evidently lessened the 
effect of darkened soil on the burned plots. 

Forage production may be expected to increase after the 


first year of burning- The effect appears to be the result 
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of greater tillering in those plants. 


Conflicting evidence has been reported on the effects 
of burning on bluebunch wheatgrass productivity. Some report 
no first year effect on plant vigor (Uresk et al. 1976) and 
others report decreased vigor (Conrad and Poulton 1966) ft 
is evident from this study that time of burning was 
critical. Although climatic conditions differed, they were 
not considered as important a factor as time since burning. 
The most important difference was likely the position of 
tiller apices. The March burn coincided with the appearance 
of new tillers at the ground surface (Fig. 5) thus making 
them susceptible to heat damage. Daubenmire (1968) 
considered 60°C to be a critical temperature for damage to 
meristematic tissue. This temperature is readily attained in 
the crown of grasses during grassland fires (Bailey and 
Anderson 1979). Since fall regrowth was destroyed by both 


burns the major effect was only on Spring initiated tillers. 


Fall clipping or burning affects both nutrient 
concentration (Figures 1 and 2) and dry matter distribution 
in the plant which, in turn, determine nutrient 
distribution. The dry matter distribution has been defined 


with polynomial equations (Tables 2 and 6). According to 
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these equations, and data on mineral concentration in the 
plant (Table 13), estimates of nutrient harvest can be made 
at any level of utilization. For example, in the big 
Sagebrush community in May, grazing 60% of plant height 
would remove 36, 31 and 32% of dry matter in plants of the 
control, clip and burn treatments respectively. This grazing 
level would remove 52, 40 and 38% of available hitrogen in 
the same treatments. On the other hand, grazing 90% of plant 
height would remove 82 and 79% of dry matter in the control 
and defoliated treatments respectively while removing 93, 86 
and 85% of nitrogen in the control, clip and burn treatments 
respectively. Although a greater proportion of nitrogen was 
distributed near the base of burned plants, total plant 
hitrogen was 20 and 15% greater than in control and clip 
plants of equal weight. The result was that, by removing 60% 
of plant height, a similar amount of nitrogen would be 
removed among treatments. 

Grazing imposed in the first year after treatment 
appeared to modify the relative nutrient concentrations 
among treatments. Evidence for this was in a shift of higher 
nitrogen and lower NDF values in May from the burn treatment 
in the first year to the graze treatment in the second year. 
The nutrient rank among treatments in the April samples was 
not affected. 

Grazing may have affected the chemical change by the 
time of defoliation and by the type of grazer. The April 


forages were grazed by deer and the May forages by cattle. 
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Although percent green forage utilization among treatments 
was Similar for both animals (Part II), deer avoided mature 
litter while cattle utilized it when grazng pressure was 
high. The effect of grazing in May was to stimulate 
tillering beyond that achieved by treatment (Chapter 3). 
Furthermore, available nutrients in the second year were, 
presumably, from microbial decomposition and therefore 
limiting. The effect of a greater number of tillers drawing 
on a fixed nutrient source would be to reduce the 
concentrations in the plant. Grazing in April did not 
increase tillering in the second growing season beyond the 


stimulation provided by treatment. 


Forage selection is closely related to consumer 
preference and forage availability as shown by the equation: 
Proportion consumed = Relative preference x Proportion 
available. Although this equation indicates a linear 
response of consumption to availability, that is not 
necessarily true because relative preference for a forage 
may also change with availability. Two tactics may determine 
the change in preference as the proportion of an available 
food decreases. One is to increase the search effort thus 
increasing preference for the food. This would agree with 
the theory of food selection proposed by Westoby (1974) that 
herbivores select a meal to optimize nutrition. The second 


change would be to reduce selection, or switch to another 


ie Ln - “ mi me Can 


a _ ir i i 
] 
¥ ¢ 4 
a in he 6 Os: 
j ; ; ; r } 
t : a ‘ 
& ’ 


1 a 


ae aie 


i aay shat | praia es ae 
a4 putas oF ate 5 


te) 2s ngs) | ieesaeth 


aan hea nent + Sacto sons @ “al tk 


saoteaei pe! 306 

caFwanh eretiny vo | r $6 yt 
acd sides ot eh Broo soapoe Jack 

ae 


Sb ah th bErea. ik pnts sty <n Lge 
ald faowed doasse nae vie esomee ath apenas 


Lota $e ieee i ’ 
ae 1G 


Sedans ESHLAOSS EDs | 
oa OO ae mln ‘ 
fina? af noe. visser ai iebipeiss ep s70' * 
. ; ; ie heh, a ba Pry: 
AoLisitpa ser Va avo aa ah e it yee onago? has sonnets 
ee ‘ang 7 
fokttocors x ab ote Sen evl anton = wenpaaes: 16g¢ 


. = te Orr 
tsontl o A938 si ite sodseene cable ost 


tea 2h eds ovtt desde. o¥ 140k 3qauaios 20 ¢ an 
a to 7 


Y 
aes IGF 6 ROT Ose TaaR, evitetas ‘stsnoed enit una 
bah. yea ay ioan 4 diate! eee EL ove Siaty spasds oals y 
Mia o,! 7 fey 
tities as Fo noi sabgudq eat és souaaatog at apied> ¢ 
eet sot 
ola tx0fle dodaee ot dew t of af 20 9G G9IDSD oot 
avg had a 


d¢diu aeans PT) « be boos ens 40% snnereteag leabeeuine 

> NERS 7 

teiy (Over) walotepe a panogend sek s0948n Boot to oe 
Hi es 5 an / she r sh ue i iis , : 


bones off .abhdtg bn ost nd 
‘eo ath pas 


jedtons ‘od dodiwa ap aioe oo boy oF ok 


4 $ | Vildieny* 


148 


Species, thus reducing preference for the former. The latter 
tactic may result when the search effort becomes 
unprofitable (Moriarty 1977). The theory of food selection 
by Westoby (1974) may also explain a decline in preference 
as available food increases. 

An hypothesis of forage selection based solely on the 
barrier effect of standing litter would be rejected on the 
basis of evidence from this study. Selection differences 
between the clip and burn treatments would not be expected 
at the beginning of each grazing trial if the presence of 
standing litter was the only criterion for selection. At 
this time, and throughout the grazing trials in the second 
year, the stubble effect was similar among treatments. 


Apparently plant chemistry also influenced selection. 


£ Standing Litter 

The high preference shown by both deer and cattle for 
the burned treatment could largely be attributed to the 
removal of standing litter. Litter created a barrier effect 
limiting access to spring growth. This effect was present in 
control plants at all levels of utilization and, in the 
clipped and burned plants, when grazing reduced the foliage 
height to that of stubble. Since burning reduced the stubble 
height to near ground level, the barrier effect was most 
important with clipped plants. Accordng to the equations 
derived for the relationship between spring grazing heights 


and stubble heights (Table 32), deer and cattle may graze to 
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within 1 and 2°cn, respectively, above a 2 cm stubble. This 
relationship was influenced both by grazing intensity and 
habitat differences. Presumably, the greater proportion of 
litter in the Douglas fir community established a more 
effective barrier. With taller stubble the animals were 
capable of grazing to, or below it's height. Both deer and 
cattle appeared to be equally affected by 10 cm stubble. 
Weathered forage is not preferred and it acts as a 
barrier to both deer and cattle. Only deer, however, were 
able to avoid it. The author observed very few instances 
where weathered forage was selected by deer yet cattle 
utilized it in proportions similar to that of green forage. 
Selective grazing permitted deer to maintain a near 
constant proportion of each treatment in their diet. This 
resulted, with one exception (Fig. 1), in a consistent order 


of preference among treatments despite grazing intensity. 


First and second year preferences for the burn 
treatment reveal that selection for a chemical factor does 
exist. Although nutritive properties are altered by burning, 
and are related to palatability (Heady 1964), properties 
such as crude protein and energy probably cannot be sensed 
by the animal (Arnold and Hill 1972). Secondary compounds 
have been shown to affect palatability (Arnold and Hill 


1972; Freeland and Janzen 1974). 


Westoby (1974) addressed the problem of nutritional 
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wisdom in large herbivores and modelled food selection by 
basing it on a strategy to optimize nutrient balance. 
Perhaps the most convincing argument that nutritional wisdon 
exists is that herbivores need it. The argument against 
nutritional wisdom is that no direct evidence is available 
for it. Martin (1969) cites numerous references which 
associate nutritive constituents with palatability and 
highlights the discrepancies which exist in the literature. 
Heady (1964) reviewed the factors affecting forage 
palatability, demonstrating the interaction which may occur 
to produce inconsistent results of forage selection. 
Examples of variable response were described by Gordon 
(1970). Freeland and Janzen (1974) suggest ruminants select 
food in order to detoxify secondary compounds. This leads to 
conservative feeding and testing of numerous species. Arnold 
and Hill (1972) discount the question of nutritional wisdom 
in ruminants due to the lack of relevant data. They note 
that ruminants, like all animals, select food on the basis 
of their senses, of which taste is an important one, and 
that most components of proximate composition cannot be 
detected. 

Studies reported in this thesis demonstrate a well 
defined order of preference for bluebunch wheatgrass among 
fall treatments. Both deer and cattle preferred the burned 
to the clipped, and both to the control plants ifhis 
appeared to demonstrate selection for nutrients since they 


declined in the same order among treatments. However, 
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several observations negate this conclusion. One, the 
nutrients were similar among treatments near the top of the 
plants; two, preference for the burned treatment increased 
with increased grazing despite a decreasing nutrient level; 
and three, nutrition from any treatment was not liniting, 
hence selection for that factor would not benefit the 
animal. Although stubble affected selection at high levels 
of utilization, preferential selection of the burned to the 
clipped forage at early grazing indicates selection for 
factors other than nutrients. Secondary compounds may be 
expected to change among treatments, as the nutritive 
properties do, because of their interrelationships. 

Little evidence is available on the nutritive value of 
standing litter resulting from prior burning or grazing. 
Pearson et al. (1972) studied the nutritive quality of 
forage resulting from a spring burn. They found higher crude 
growing season but no difference in the second; similar 
results were found by Allen et al. (1976) on biuestem range. 
The effect of fall grazing on the nutritive properties of 
bluebunch wheatgrass appear minor (Rickard et al. 19753 
Willms et al. manuscript in preparation). There appears to 
be no basis for range burning simply to increase forage 
nutrition in spring, when nutrient quality is not ELOLLING, 


or in fall when the effect is noticeable for only one 


season. 
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The spring range is important to deer in providing the 
earliest available, high quality forage. Willms et al. 
(1976) found that the diet consisted mostly of grass in 
early April; the greatest proportion of this was Sandberg's 
bluegrass (Willms and McLean 1978). This shallow rooted 
species produced forage earliest and mature stalks do not 
persist through the winter. Cattle do not utilize this 
Species in the fall hence do not directly affect its 
palatability and vigor. The effect of fall burning on the 
palatability of Sandberg's bluegrass is not known. However, 
Wright and Klemmedson (1965) report no effect of fall 
burning on plant vigor. The productivity of Sandberg's 
bluegrass is highly variable and it loses palatability early 
in spring. These characteristics reduce the importance of 
this species, particularly since its long term benefit is 
determined by minimum production, and focuses attention on 
the deeper rooted perennials. 

Initiation and appearance of tillers determine, at 
least in part, the time of available forage. This is 
particularly true for deer who depend on new foliage from 
grass to offset the nutrient deficit of winter (Fierro 1977, 
Willms and McLean 1978). Forage availability in spring will 
depend on the stubble height of bluebunch wheatgrass. 

Observations reported earlier (Chapter 3) indicate 
bluebunch wheatgrass appeared at ground level after 10 March 


in the big sagebrush community and after 21 March in the 
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Douglas fir community. This forage was available to the 
herbivore within a few days depending on the stubble height 
of standing litter. When stubble is greater than 10 cm tall 
(Part II), spring growth would not become available until 
late March or early April in the big sagebrush community and 
10 or more days later in the Douglas fir community. The 
presence of fall regrowth will modify these estimates 
according to its length. 

Spring growth of crested wheatgrass and Sandberg's 
bluegrass will become available soon after appearing at 
ground level. Their weathered forage is a less effective 
barrier than the standing litter of bluebunch wheatgrass. 
The litter of crested wheatgrass is often decumbent while 
the litter of Sandberg's bluegrass is weathered to a fine, 
sparse mass. 

These effects were believed reflected in the local 
distribution of deer between the fall-grazed and 
fall-ungrazed fields. The effect of fall grazing should have 
reflected in the population distribution soon after 
wheatgrass tillers appeared at the ground surface, in early 
March, if stubble height was zero. In fact, no shift to the 
grazed field was apparent until early April when, 
presumably, the spring growth extended above the stubble. 
The relatively little use made of the fall-grazed field 
prior to April is not understood. Food, however, did not 
seem to be a factor since the same habitat types were 


present in both fields. [In other work, Leckenby (1968) found 
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a 3-fold increase in crested wheatgrass utilization by deer 
where the standing litter had previously been removed. 

The observation has frequently been made that light and 
moderate grazing results in a contagious distribution of 
use. The effect results from selecting new herbage and 
avoiding the mature. Although that situation did not 
accurately describe the conditions in the communities of the 
study sites, the effect was the same. In this case, previous 
fall grazing or burning affected the distribution of forage 
utilization in spring by the uniformity with which litter 
was removed. 

The barrier effect of stubble would also contribute to 
an explanation of declining animal gains with increased 
grazing pressure. The search effort becomes less profitable 
as the proportion of litter increases and the quality of 
green forage decreases. Hodgson et al. (1977) found 
significant correlation of foraging intake, by grazing 
calves, not only with the height of available forage but 
also with the proportion of green material in the forage 
stand. Forage height has also been related to forage intake 
by sheep (Allden 1961; Allden and Whittaker 1970). It 
appears that these relationships also hold for the extended 
height of forage above stubble and indicates that more 
careful consideration be given to management of residual 
litter. 

Removing litter with fall burning or fall grazing 


(clipping) improved forage palatability and increased forage 
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utilization until the second year. First year results 
similar to those of this Study were obtained by Barker and 
Erickson (1974) in North Dakota. Duvall and Whittaker (1964) 


found that burning bluestem (Andropogon 


ier 


ener) ranges 
reduced selectivity among grass species and resulted in 
uniform range use. Presumably selectivity among bluebunch 
wheatgrass plants would also be minimized by litter removal. 

The burned treatment was preferred to the grazed 
treatment by both deer and cattle. By the second year the 
method of litter removal was important only to deer. 

The decision to use fire or cattle to remove standing 
litter requires consideration of resources and desired 
effect. Palatability differences and, therefore, selectivity 
among plants should be minimal in the fall. However, 
geographic and biotic influences may need to be overcome 
with severe grazing pressure. Where this is not acceptable, 
in cases where animal weight losses are too severe or the 
animals are forced to select forage harmful to them, burning 
may be necessary. 

Consideration of long term plant vigor may overwhelm 
those of short term plant quality. An example is the grazing 
practiced in the Kamloops area. Here the big sagebrush and 
lower Douglas fir zones are grazed by cattle in spring and 
fall. Deer, on the other hand, occupy the range in winter 
and early spring. Cattle grazing is normally managed to 
avoid damage by grazing after the plant has reached about 


45% of its mature height and by avoiding over-use. 
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Consequently, cattle are not turned onto the range until 
late April and, more often, early May. Fall burning or 
severe fall defoliation by cattle in consecutive years 
repeatedly exposes the early spring growth to grazing by 
deer, who utilize the forage as it becomes available and ma y 
damage the plant. The result will be a decline of palatable 
forage as less palatable species become dominant, leading to 
a deterioration of range quality. To avoid this problen, 
burning must be done on manageable units (Wright 1974) oc 
cattle grazing controlled to prevent extreme use in 
localized areas. 

Bluebunch wheatgrass productivity may be expected to 
increase after the first year of fall burning. Avoiding 
repeated severe disturbance in the fall appears likely to 
increase both the forage yield and quality. Where the deer 
population is low or the area treated by fall burning or 
grazing is large, the susceptibility of individual plants to 
damage is also reduced. A sequence of fall burning, severe 
fall grazing and light fall grazing in consecutive years may 
optimize utilization, enhance the spring range for both deer 


and cattle and protect plant vigor. 
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